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Summary

This study attempts to assess the demand and supply of baccalaureate degree
engineers for Pennsylvania from 1975 to 1983 with some analysis of the implications
that the declining birth rate will have on demand and supply beyond 1983.

The study reveals a current (1975) shortage for all types of engineers as
well as a considerable long-term shortage to 1983 because o' the probable response
to the energy crisis. The greatest need, numerically, will be for electrical-
electronics engineers, mechanical engineers, industrial engineers and chemical
engineers. More will be needed than will probably be produced between 1975 and 1983.

In addition, there will be a marked increase in demand 1,.-r highly specialized
types of engineers, especially those related to nuclear power gelieration and energy
production and those needed to improve health delivery systems and food production,
e.g., biomedical, health systems, aquaculture. There will also be a need for engi-
neers engaged in mining.

The long-term decline in the number of college-age youth projected here
indicates a severe and deepening shortage of trained engineers beyond 1983 unless
currently under-tapped populations, such as women and minorities, are recruited.
Aptitudinal and motivational requirements for satisfactory completion of an engi-
neering curriculum place real constraints on the number that can be recruited and
graduated. In addition, every effort should be made to make engineering education
as efficient as possible to reduce the relatively high attrition rates historically
associated with engineering as a major.

Some consideration is also given to the problem of obsolescence and the
possible role that industry and the schools of engineering may play in reducing it.
The point is made that the practice of discarding the "obsolescent" engineer is a
waste of human resources and encourages the concept that an engineer is inflexible
and not readily susceptible to job retraining or effective transfer of his/her
knowledge and skills to a new type of work. It is suggested that the engineering
curriculum may need to be re-evaluated, especially as it relates to training for
flexibility in an age of rapid technological progress and change, since the engineer,
by definition, has demonstrated that he/she is an effective learner by virtue of
having successfully completed a baccalaureate or a graduate degree.

A far greater emphasis on in-service and continued education will have to
be made, by industry and the schools of engineering, to prevent an excessively high
rate of "quality substitution" in the fare of shortages aad, at the same time, un-
employment for older "obsolescent" degree-holding engineers. Industry, historically,
has always employed less qualified substitutes when degree-holding engineer: were
in short supply. This may prove a less adequate expedient in the face of the long-
term, dwindling supply of degree engineers foreseen for at least the next quarter of
a century.

The response to the energy crisis is seen as really getting underway in
1976 and as sharply increasing our need for mining, petroleum, electrical, mechanical,
industrial, civil and, to some degree, chemical engineers overand above the need,
that would have been otherwise projected. Nuclear engineering is also expected to
be a very high need area, with food related and health related engineering also
coming to the fore.



A discussion of the limitations of the study is giveq, e.g., national
based estimates of out-migration, arbitrary reSIdual estimates of the rate of
in-migration, the assumption that Pennsylvania's response torhe energy crisis
will be much the same as projected for the nation.

The projections made in this study are reasoned estimates of what will
occur given certain assumptions. They are not prophecies or predictions or goal
statements. Events such as war, severe depression, radical shifts in government
priorities, etc., can change the ultimate outcome as well as any efforts made by
the State of Pennsylvania to reduce the shortages now foreseen.

The need is seen not as one of a lack of classroom space to train engineers
but rather as a problem of recruiting. What is n eded is an adequate number of
students to meet projected needs during a possible period of declining interest in
science and engineering along with a possible conc rrent decline in mathematical
aptitude and science achievement scores. The schools will need funds to upgrade
their teaching and laboratory equipment to reflect the rapidly changing technology
and needs of our society so that those produced will be maximally capable of meeting
the needs. Recent financial difficulties and declining interest in engineering may
well have resulted in a backlog of need for up-to-date equipment in the colleges of
engineering.

The recomendations growing out of this study are:

1. Encourage more students to major in engineering. This is patticularly
true for the following areas:

Electronic and Electrical Engineering
Mechanical Engineering
Industrial Engineering
Chemical Engineering
Civil Engineering
Mining Engineering
Nuclear Engineering

Specialized areas such as Aquaculture, bio- and health
delivery systems engineering

2. Place more emphasis by industry and schools of engineering on in-service
and continuing education to avoid obsolescence ane to upgrade the
quality of engineers on the job.

3. Do not build more classrooms to educate engineers but make more funds
available to upgrade teaching and lab equipment to reflect changes in
technology and the needs of society.



PURPOSE OF STUDY

This study represents one response to the need of the State Council of
Higher Education for informationion the future demand for graduates in those
professions for which a degree is either mandatory or normally required.

To date, studies Have been made of the professions of law,19 dentistry,
17

medicine 20,11 public school teaching,21 special education, and college teaching.18
A study of the need for allied health personnel, including nursing, is in progress.
These studies are essential to the efforts of the Department of Education, he
administration and the state legislature to come to grips with the problem of al-
locating monies and resources during this period of budgetary restraint, declining
enrollments and of rising costs..

The author knows of one previous study of the need for engineers in Pennsyl-
vania. It was concerned only with the projection of demand and did not deal with
supply. Entitled Manpower Requirements for Engineers, Scientists and Technicians
in Pennsylvania by 1970, it was prepared by Robert H. Ramsey of the College of
Engineering and Architecture, The Pennsylvania State University, in May of 1962.48
Unfortunately, the projection of 88,500 employed engineers in 1970 over a figure
of 61,600 for 1960 has proven to be far greater than the actual 1970 figure of
64,l14. It appears that the reasons for this discrepancy are, at least, twofold:
First, the projection method used was an approximation of the 1960 and 1970 figures
based on National Science Foundation statistics; and, second, the use of the National
Science Foundation's highly optimistic assumptions concerning the coming decade,
which were based upon the historical pattern of the 1950s, e.g., high-level economic
activity, no serious recessions, no wars, state labor trends similar to nations, a
continuation of the population growth rates of the 1950s.

It is to be hoped that the reader of this report will, therefore, keep in
mind that manpower projections are just projections, nothing more. Not predictions
of the future, they are, rather, a reasoned estimate of what will occur, given that
certain assumptions are valid'with regard to the events and forces operating during
the period of projection and within the limitations of the available data concerning
the number and characteristics of the members of the projected occupation.

ENGINEERING AS A PROFESSION

Tn contrast to the term "physician," the term "engineer" has no precise
agreed upon meaning in our culture. An "engineer" may actually be someone without
a formal degree in one of the discipline's known as the sciences of engineering; he
or she may, in fact, have no training whatsoever that the average layman would
normally think of as relevant. For example, an individual who operates a locomotive
is referred to as an engineer, although no formal education is required, only a long
apprenticeship by rising through the ranks of positions other than "engineer."

Attempts have been made to develop strict criteria by the engineering pro-
fession, most notably the Engineers Codicil for Professional Development of the
Engineers Joint Council but have not yet been universally accepted or used by all
data gatherers or employers. The definition used by the council defines an engineer
as anyone with an engineering degree or holding state registration as a professional
engineer and anyone holding professional-level membership in a society which pro-
vides for the acceptance of demonstrated professional competence in lieu of a formal
engineering degree and who regards himself as an engineer. No existing data base
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has fully and completely realized the implications of this definition, although
the National Engineers Register attempted to do so by surveying the members of

professional societies,25 and some refinement of 1970 census data engineering has
been attempted using somewhat different criteria to identify engineers more

precisely.44,67

Many companies will hire or promote an individual into a position labeled
"engineer," even though the qualifications he or she possesses are not those of a
graduate engineer. Such practices may be based on the individuals having mastered
requisite skills and knowledge while on the job. There may also be a process of
downgrading the requirements in the face of a shortage of degree-holding engineers.
There may even be a simple process of making a job more attractive by giving it an
impressive title, e.g., a janitor becomes a "sanitary engineer."

For whatever reason, it is clear that the engineering profession has a

problem of identity; and the usual statistics on engineers reflect that fact, i.e.,
they are grossly inflated by the inclusion of those who hold no formal degree and
who do not do work calling for the skills of a degree holding engineer. An as-yet-
unavailable study by the National Science Foundation will undoubtedly clarify the
issue of a more accurate count.44

A second problem for engineering as a profeSsion seems to be that, currently
engineers are primarily employed by basic industries, e.g., manufacturing, utilities,
etc., and are, as a consequence, extremely subject to changes in the economic climate.
Such factors as recession and changes in federal priorities, e.g.. military spending,
the aerospace projects and the energy crisis, rapidly and severely affect the employ-
ment of engineers.

Such rapid or severe fluctuations produce periods of relatively high demand
or unemployment, especially among the older engineers (45 years and up), whose skills
may have become obsolete or whose high salary may be deemed undesirable by management
in a period of retrenchment.

Obvio-tsly, these problems are not readily resolved. The lack of a clear-cut
identity resists easy solution, since the present loose use of "engineer" is
strongly embedded in custom and precedent. The professional societies will be
constantly faced with the issue of how to get industry, and society in general, to
use the term "engineer" with more precision. Undoubtedly efforts have been, and are
being, made to encourage governmental and other data gatherers and purveyors to
define the engineering population in greater detail and with consistency as to
definition. This may well be the area in which the professional societies of engi-
neering and the Engineers Joint Council can have the greatest impact, other than
seeking legislation to certify, and thus delimit, the use of the term.

The relatively narrow employment base that makes engineers relatively prone
to cycles of high demand or unemployment could be ameliorated somewhat by an in-
creasing use of engineers in contexts other than basic industries.

Service industries, such as education and health, and new areas or frontiers,
such as the exploitation of the oceans for food and mineral resources, are increas-
ingly calling for the services of trained engineers. This greater diversification,
although relatively minor as yet, suggests that engineering may vet become more
stable with regard to demand.
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There has, for example, been a rising emphasis upon bioengineering in
medicine, where there has been a marked growth in the implantation of pacemakers
and artificial organs, the monitoring of the acutely ill, health diagnosis by
computers and other instrumentation,

and the rehabilitation of patients whowould have otherwise died or been severely handicapped.35 The future may well
see an increased use of engineers in the total health delivery system itself,since the demands of national health legislation--it now seems inevitable--may
well require the unique systems oriented skills of the trained engineer in thecomplex modern hospital and other settings.

The use of newer forms of technology in education is as yet in itsinfancy, but it seems clear that the cost of such technology is dropping rapidly.This will make computer-assisted
instruction and other technologies more readilyavailable to the schools. There is also the possible use of satellite, cableand other communications devices capable of learner feedback. Such devices wouldbe useful in the continuing education of professionals in medicine, law andindustry in general, plus in medical diagnosis and consultation in rural andremote areas. They will undoubtedly require the use of skilled engineers.

The energy crisis and the partly related food supply problem will also
create an increased diversification of trained engineers including aquaculture°
and those disci lines needed to develop new sources of energy and new ways toconserve fuel.lu Although it is virtually impossible to predict accurately thedevelopment of such new fields, there is no doubt that the category "other engineers,"
will make up a large share of the projected or actual growth during the comingdecaaes.

Most of the problems that humanity faces are cauaed, in part, by technology
but are unlikely to be solved without the use of technology. Increased diversifica-tion in tasks, and even curricula, seems inevitable in light of this.

Occupational Mobility

This study and others cannot, and do not, take into consideration the fact
that although many workers have engineering training and use their engineering
training on their job, they are not labeled engineers. As a result, such workers
are not normally counted as engineers by the census enumerator or by data gatherers
in general.

As a consequence, not only are most figures concerning the number of
engineers misleading because they include individuals who are not, by strict
definition, engineers, they also do not include trained, fully qualified engineers
whose occupational titles do not reflect that fact, e.g., administrators and
managers.

The National Engineers Register survey of 1969 indicated that the great
majority of engineers, strictly defined, was actually engaged in some kind of
management or supervision of other people.3,25 The proportions vary according to
each field of engineering and according to the age of the engineer (See Engineering
Manpower Bulletin, "The Engineer as a Manager," No. 25, September 1973, published
by the Engineers Joint rouncil).23 In addition, figures from a 1972 post-census
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survey show that over 480,000 engineers with college degrees were reported by
the 1970 census to be working under other occupational categories. An informal
estimate conveyed to the author of this report by federal personnel working on
the occupational mobility problem suggests a dropout rate of five per cent from
the engineering ranks as a whole.

In any event, giving engineers managerial responsibility and different
occupational labels represent a hidden demand for engineers that cannot be
assessed here because of a lack of hard data. The estimates of need found at
the end of this report are necessarily underestimates. As indicated earlier,
the National Science Foundation's study of the 1972 Post-Censal Survey results
may help resolve the matter when it becomes available. 44

Women in Engineering

Historically, engineering has been an almost exclusively male profession.
The declining enrollment of males in engineering, the recent focus on equality
of opportunity in employment, the recognition by some in industry of a need for
engineers with people-oriented skills as well as technical skills, the high demand
for engineers over and above supply and the dwindling of opportunities for gradu-
ates in those field usually entered by women (e.g., education) have contributed
to a substantial increase in the proportion of women in schools of engineering.45

Women, as a group, do not now possess the same degree of mathematical,
spatial visualization and other aptitudes that males have (using currently ac-
cepted aptitude tests). Nevertheless, .women constitute a large, untapped
reservoir of engineering talent that may well help meet future demands for engi-
neers, despite the projection of a marked decline in the numbers of young people
of college age for the next two decades at least. Women, as well as minority
groups, will undoubtedly change the character of the engineering profession in
the future from its present white-male image.45

Changing Character of the Traditional Fields of Engineering

Some types of engineers have become a vanishing breed, not only because
the industries they served have declined, but also because the characteristics
of the industries themselves have changed. For example, this study projects a
large increase in demand for mining engineers due to the energy crisis. Mining,
however, has become increasingly mechanical because of the tremendous amount of
machine technology now required to efficiently, safely and economically mine coal
and other minerals. The engineering need of mines will be, in part, a need for
mechanical engineers rather than the more traditional mining engineers.

Petroleum engineers, likewise, are less in demand sine petroleum processes
have become more chemical in character rather than being physical separations-
related. Chemical engineers will undoubtedly fill a portion of the project demand
for petroleum engineers. In addition, geologists may he teplacing both mining and
petroleum engineers due to the current emphasis on finding new deposits. The
degree fields of mining and petroleum engineering will emplialze chemical, mechani-
cal and geological coursework as a consequence.



Engineering a Protean Field

In sum, engineering responds to the same forces and imperatives that change
society as a whole. A rapidly changing technological society of necessity means
a rapidly changing engineering profession, because engineers are fundamental to the
application of the knowledge being gained at a constantly increasing rate.

The Problem of Obsolescence

It is commonly said that an engineer's knowledge and skills become largely
obsolete in five to 10 years in the face of the rapid growth of our technology.
Historically, industry ha,,, simply discarded the obsolescent, older . engineer or has
refused to hire him/her, especially if he /site has had only narrow experience in
previous positions.

The obvious implication is that regular, continued in-service education
should be a high priority of ,he engineering profession and industry if trained
engineering talent is not to be needlessly wasted.

Provision for such upgrading must be made explicit, since few employers
typically allow time for such activity. Schools of engineering may well play a
leading role here if demand continues to exceed supply.

It is also probable that current engineering curricula should be examined
to see whether engineers could be more broauly trained to render them more flexible
when the demand picture changes rapidly and leaves them unemployed, as occurred
with aerospace engineers. Certainly, the current picture of the older engineer as
relatively inflexible and unemployable, except in his/her own narrow work specialty,
has had a catastrophic oftect on enrollments in the schools of engineering aespite
continued demand.

The young and their parents are well aware of the firing of older engineers
and of their difficulty in being hired elsewhere. They are well aware that govern-
ment technological priorities LlAange and make the aerospace engineer or other types
of engineer prone to unemolovment and retraining. It is quite possible that never
again will engineering he as attractive as it w,;s during the post-Sputnik era.

THE PROBLEM OF DATA

The U.S. census and related surve:s are the principal sources of data on the
general characteristic, and ',lumber, of enyJneers and scientists in the United States.
The census, taken every 10 yeaLs, collect- limited information on the entire popula-
tion, though more detailed que,rionnaires are filled oui by a random, 20 per cent

sample of households.61,1'? In essence, the censo, tallies as engineers only those
respondents who say they are engineers.

As a Lonsequn(e, 1,r, find in the censw, data )4-vear-old engineers, engineers
with less than an 8th grade engineer,, work 52 weeks a year and vet
earn less than '''3,000, nhvtoir-I findio . ;ire not compatible with the concept
that engineering is a hikhl train, d ,p.!oialty reyiiring, college level work and,

ideally, a baccalaureat, et nigher ci,200(2.
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Such anomalies in the census are explained by two factors at least.
First, many employers hire individuals for positions which they label as
"engineering" but which actually do not require the training or the skills of
a baccalaureate degree-holding engineer. Some of these positions are simply
holdovers from the past: railroad engineer. Other positions may be labeled
to make them seem more prestigious than the pay would imply.

The second factor explaining the oddities of the census data on engi-
neers is the tendency of many people to give their work a greater importance
by giving it an important-sounding label. So, the janitor becomes a sanitary
engineer, and the person who installs air conditioners calls himself/herself
a cooling systems engineer.

In practice, these things make census data unsuitable as the basis for
estimating the demand and supply of college-educated engineers, unless the data
can be corrected somehow to reflect the number of college-trained engineers.

Even if the census data itself were valid, the proportion of baccalaureate
and higher degree engineers in the total sample is so small as to allow substantial
error. Fortunately, a detailed post-census survey of about 100,000 people reported
in 1970 as scientists, engineers or technicians was undertaker in 1972 to obtain a
more detailed picture of the age distribution and educational level of self-defined
engineers. 54,68 This post-censal data made possible the projections of demand for
baccalaureate degree engineers.

Norman Seltzer, of the National Science Foundation, is reported in the
April 1975 edition (Vol. 12, No. 3) of Science, Engineering and Technical Manpower
Comments, to have made an as-yet unpublished, detailed analysis of the 1972 post-
censal survey to determine how many respondents could actually be identifies, as
scientists or engineers. Under his criteria some one million persons from the 1970
census were identified as engineers by the post-censal survey.

Many of those so identified were listed in the 1970 census as scientists,
managers, technicians, etc., while others identified in the 1970 census as engi-
neers were not so classified by Seltzer. Of the one million engineers, 22 per cent
were electrical engineers; 19 per cent were mechanical engineers; 14 per cent were
civil engineers; and 45 per cent fell in some other field of engineering.

Seltzer is also reported as having found that, under his definition of
engineer, nine per cent had no degree or only 1-4 years of college; two per cent
had an associate degree; 67 per cent possessed the B.S. degree; 17 per cent had
the master's degree; four per cent held the Ph.D. degree and one per cent held a
degree in a field other than engineering.

Obviously, there is a great need for a standardized definition of who an
engineer is, since findings now vary so widely from source to source.

Employment statistics of the U.S. Department of Labor, collected monthly
by the Bureau of the Census from the Current Population Survey (CPS) sample, are
another possible source of data. This data source is based upon a sample of about
52,500 housing units representing about 105,000 people. Unfortunately, little
information on engineers can actually be obtained here because the number of
engineers in the sample is so very small. Also, for this report's purposes, the
need for data at the state level makes the employment ,ampling even les:-; adequate.
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In general, the most serious deficiencies in the data now available may
be described as follows: (1) inconsistency of definition, (2) lack of coordina-
tion in collecting data, (3) excessive delay in publishing data, (4) data too
gross and lacking in detail and (5) a lack of regular collection of data over a
period of time.

"Engineer" is defined so loosely that seldom are two sets of statistics
directly comparable. Educational statistics, for example, refer specifically
to students or graduates of an engineering curriculum while manpower statistics
include as an engineer anyone who describes himself/herself as such to a census
enumerator or is called such by an employer. This lack of comparability seldom
allows reliable, demand-versus-supply

comparisons, e.g., relating such projections
as the "average annual openings" of the U.S. Department of Labor to the actual or
projected supply of engineering graduates.

In addition, the needed data may not become available until two or more
years after it is collected. So, projections and studies are necessarily based
upon old data and do not take into account the major economic and °O'er changes
that may have taken place since.

Furthermore, statistics from different sources are often unusable because
of a failure to standardize categories. Educational statistics, for example, are
often broken down into three degree levels and 20 specialized areas of engineering.
Most census and other employment statistics, on the other hand, are typically
broken down into 10 or fewer specialized fields of engineering; furthermore, they
are not usually categorized by degree level. In too many instances, engineers are
simply lumped into a "professional and technical" category that is far too broad
to be useful.

Finally, since data on engineers is typically not collected on any regular
basis, it is almost impossible to determine accurately whether the nation has a
manpower shortage or surplus in any specific field at any given time. Projections
in terms of "average annual openings" make no allowances for recessions, foreign
crises, energy-sufficiencv crash programs, etc. The absence of regularly collected
data makes it difficult to monitor the effect or such events upon manpower demand
and supply. Government assessments of engineering and scientific manpower have
been carried out for only a period of years and then abandoned. Even when they were
carried out, the data obtained were insufficiently detailed to show important trends.
The researcher is therefore too often forced to be content with data that are
relevant to only one particular DOiEi in time.

SOME NATIONAL PROJECTION STUDIES

A variety of efforts his been made to project the need for engineers (,.0
the 1980s. Space does not permit detailing them, but some of the more interest
efforts should be mentioned.

The U.S. Bureau of Labor Statistics regularly publishes projections of
demand for various occupttioas listed in the U.S. Census. The methodology used
is essentially the same as that used to generate the growth estimates for
Pennsylvania in this stilly.
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The basic method, outlined in Tomorrow's Manpower Needb,56 uses a basic
occupation by industry matrix for either the state or the nation. A variety of
publications have given the results of the use of this methodology, most notably
such publications as Occupational Manpower and Training Needs69,71 and the
Occupational Outlook for College Graduates68,7° published by the U.S. Department
of Labor, Bureau of Labor Statistics.

John Alden, executive secretary of the Engineering Manpower Commission
of the Engineers Joint Council, has also attempted to project the demand for

engineers and interface it with supply estimates.1 He foresees a drop in supply
through 1976-77, followed by a rise that never approaches the probable demand
(nationally). He projects a drop in supply from about 39,000 graduates in 1972
to 27,500 in 1976-77, an upswing to possibly 34,500 by 1983; the range of probable
demand is 50,000 to 69,000 by 1982.

One of the most impressive studies, in terms of detail, is that carried
out by the manpower committee of the Institute of Electrical and Electronic
Engineers in New York City.32 The committee not only attempted to assess the
need for electrical and electronic engineers but to give consideration to the
probable need for other types of engineers.

An unusual and thought-provoking effort is that of Wallace R. Brode in
an article "Manpower in Science and Engineering, Based on a Saturation Model,"
in the July 1971 issue of Science.12 Brode, a member of the Scientific Manpower
Commission of the American Association for the Advancement of Science, contends
that only a limited portion of the college-age population (18-22) has the motiva-
tion and the ability to complete a scientific or engineering course. He points
out that, despite a marked rise in the number of graduates from college, the rate
of expansion in science and engineering was slowing down in the 1960s. Brode
contends that the concept of saturation in the production of scientists is a
fruitful one in assessing the possible limit to supply in a period of high demand.
He pointed in 1971 that since 1960 the percentage of 22-year-olds graduating in
science and engineering was essentially constant at 3.8 per cent of the college-
age population and apparently represented a ceiling. Efforts to increase this
percentage were ineffective, even when jobs were plentiful and salaries were
attractive.

Brode sees a possible surplus of no more than 10 per cent of supply between
1968 and 1983, followed by a very real shortage after 1987 due to the plummeting
birthrate. He says, "In about a quarter of a century, we are going to have es-
sentially the same number of 22-year-olds from which to draw our scientists and
engineers," as in 1970. In the meantime the population will continue to grow and
add to needs, while continued technological and scientific expansion will further
increase those needs.

Brode's findings are consistent with the analysis found in this study for
Pennsylvania, i.e, demand greater than supply through the late 1970s, then a
probable increasing need beyond 1983 which will deepen toward the end of the century.
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A final study of considerable interest is reported by John K. Folger,
Helen S. Astin and Alan F. Bayer in Human Resources and Higher Education,
published by the Russell Sage Foundation.29

Aside from considering the shortage of engineers and projecting estimates
of demand, the authors deal with mechanisms for redressing project imbalances.
They point out that in the past, industry made up for the shortage of graduates
chiefly by "quality substitution." By thiS they mean the employment of less well
qualified persons when qualified engineers are not available. They foresee a
long-range lack of qualified engineers unless efforts are made to increase the
proportion of entering engineering students who obtain the B.S. degree and unless
efforts are made to increase the proportion choosing engineering as their major.
This will obviously not be an easy task if Brodel2 is right in his saturation
concept. Populations relatively untapped in the past, such as women and minorities,
are potential reservoirs of supply, although the authors do not make this point.

All of these projections seem to agree that a shortage will develop during
the late 70s and early 80s and that it may continue if there is a continued decline
in the birth rate. None of these studies were made following the energy crisis.
They do not reflect the increased demand foreseen by the National Planning Associ-
ation. The NPA sees the 1985 demand being double that of 1970, if the U.S. de-
pendency on foreign sources of energy amounts to nine per cent of the total need.

The NPA foresees the largest energy-related increase in terms of demand
to be for electrical engineers, followed by chemical and mechanical engineers.
The response is seen as absorbing 20 to 30 per cent of all engineers produced be-
tween 1975 and 1980 and more than 30 per cent by 1985 to meet the needs of energy-
related industries alone. These industries now employ only about 10 per cent of
all engineers.

Obviously, the situation projected by the studies cited earlier will
worsen if the United States is forced to make the kind of response foreseen by
Gutmanis3° in his study for the National Planning Association. Pennsylvania will,
of course, be similarly affected and have a more serious shortage than would
otherwise be the case.

THE PENNSYLVANIA ENGINEER

Despite the inherent limitations of existing data with regard to the as-
sessment of the supply and demand for college-trained engineers, it may be of
interest to present some of the typical tabular material available through such
sources as the U.S. Bureau of the Census and the National Engineers Register.

Tables 1 and 2 illustrate the nature of the census data available for
Pennsylvania with regard to engineers. As can be seen, the number of individuals
listed as engineers by the census enumerators for 1960 and 1970 is substantial;
and there is no way to separate the number who are college trained from those who
are not college trained. Also, the published census figures are not finely detailed
according to age and sex; this makes mortality, disability and retirement difficult
to estimate. If the census data were ideally broken down,we would need, for each
engineering speciality, details on educational lelrel by sex-by-age.
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The census data is further limited by the fact that many trained engineers
are no longer enumerated as engineers but are placed in another, usually managerial,classification. Nevertheless, these engineers die, retire or become disabled andare replaced, often by other engineers. Therefore, they represent a hidden demand
that is typically not accounted for in supply-demand studies. The present study isno exception.

Nevertheless, some data of interest can be gleaned from census tables.
For example, Table 3 indicates the change in the unemployment picture for engineers
in Pennsylvania from 1960 to 1970. As can be seen, there was a marked increase in
unemployment for astro-aeronautical,

electrical, industrial and petroleum engineers.On the other hand unemployment among chemical, civil, mechanical, metallurgical,mining and sales engineers went down markedly. Obviously, these changes can betraced to less federal funding of aerospace projects, the marked increase in build-
ings and construction during this period, the relatively small output of mining
engineers from the colleges, the development of chemical industries within the state,
the increasing dependence on foreign oil and diminishing domestic supplies, etc.

The picture has changed radically since 1970 due to the energy crisis and
the inflation/recession-induced slowdown in construction. However, the so-called
unemployment has involved engineers without degrees.1

The Comm-Bacc study of William Toombs
57

and the publications of the College
Placement Council have consistently indicated the superior employment position of
the engineering graduate over all others. Only graduates in health care and computer
sciences have experienced lower rates of unemployment.

Unfortunately, publicity in the mass media concerning the negative trend
toward the over-45, systems-trained

aerospace engineer aggravated the negative
trend toward students avoiding science and engineering curricula. This trend was
recently (fall 1974) revised with a 20 per cent rise in college freshmen over 1973,
as reported by the Engineering Manpower

Commission of the Engineers Joint Council
in the April 28, 1974 edition of The Chronicle of Higher Education.24 This reversal
of a 10-year trend in declining enrollments, beginning in 1963, probably resultedfrom an increasing awareness of a demand for engineers and a growing surplus of
degree recipients in other areas, such as teaching. In other words, the students
are going where the likelihood of finding work after graduation is greatest.

Table 4 contains data on engineers in Pennsylvania and the nation in
terms of the curricula in which they received their B.S. degree. This study,
American Engineering Manpower 1969: Statistics from the 1969 National Engineers
Register, was the most detailed of the National Register studies carried out over
a period of years.3'25 Unfortunately, data for other years2 was much less detailed;
and in recent years obtaining a register of engineers was abandoned by the federal
government and left in the hands of the Engineers Joint Council Manpower Commission,
which admittedly has limited resources.

The register data are not comparable to census data; nor are they neces-
sarily a complete and accurate accounting of engineers, since the National Engineers
Register is based upon a sampling of members of professional engineering societies.
Therefore, any engineers who are not members or who do not possess a degree are
likely to he eliminated.



Table 3

Percentage of Experienced Engineering Labor Force
Unemployed as of 1960 and 1970a

Males Females Total
Categoryb 1960 1970 1960 1970 1960 1970

Aeronautical 3.90 7.25 0.00 0.00 3.86 7.15Chemical 0.45 0.25 0.00 0.00 0.45 0.25
Civil 3.40 1.10 9.43 0.00 3.46 1.09
Electrical 0.52 1.58 0.00 2.37 0.52 1.59
Ind; ,rial 1.32 1.73 0.00 1.03 1.30 1.71
Mechanical 1.32 1.08 0.00 0.00 1.31 1.07
Metallurgical 1.17 0.73 - 0.00 1.17 0.73Mining 5.13 0.00 5.13 0.00Petroleum 4.45 13.00 4.45 13.00
Sales 1.29 0.45 0.00 0.00 1.29 0.45
Engineers, n.e.c. 0.80 1.33 0.00 0.00 0.79 1.31

All Engineers 1.45 1.42 1.27 0.90 1.45 1.41

a
Data derived from Tables 1 and 2 of this report by dividing the estimated
number of unemployed by the census estimates of the number of experienced
engineers in the labor force.

b
Some categories are abbreviated, i.e., aeronautical and astronautical,
electrical and electronic, metallurgical and materials.



Table 4

An Analysis of the Distribution of Pennsylvania and U.S. Engineers'
by Curricula Based Upon the National Registry of Engineers for 1969a

Curricula

Amended Pa. Per National Pa. Per
Pennsyl- United Cent Dis- Per. Cent Cent of
vania Statesb tribution Distribution National

*Aerospace 500 11,800 . 2.43 4.24 4.24
Chemical 2,300 28,200 11.16 10.14 8.16
*Civil 2,800 48,200 13.59 17.33 5.81
Electrical 4,900 62,800 23.79 22.57 7.80
General 1,500 20,400 7.28 7.33 7.35
Mechanical 4,700 60,500 22.82 21.75 7.77
*Metallurgical 1,700 10,300 8.25 3.70 16.50
*Mineral 700 13,800 3.40 4.96 5.07
Other 1,500 22,200 7.28 7.98 6.76
Not Reported 100 1,500 - 6.67

Total Curricula Reported 20,600 2N,200 100.00 100.00 7.40

B.S. Degrees Reported 20,700 279,700 91.19c 90.87c 7.40
No B.S. Degrees Reported 2,000 28,100 8.81c 9.13c 7.12

Total 22,,00 307,800 100.00 100.00 7.37

*
Curricula where Pennsylvania differs substantially from the nation in terms
of relative representation, i.e., fewer aerospace, civil and mineral engineering
graduates employed here but more metallurgical.

aData from American Engineering, Manpower 1969: Statistics from the 1969 National
Engineers Register published by the EngineeriIng Manpower CoMmission of Engineers
Joint Council, New York, November 1971, p.

bThe figures given by the Engineering Manpower Commission for the United States did
not add up to the total given, i.e., totals amended to read 307,800 instead of
308,000 and 279,700 instead of 279,800.

cPercentages here represent the degree versus no degree representation in this sampling
of the members of professional engineering societies.

7
14



Table 3

Percentage of Experienced Engineering Labor Force
Unemployed as of 1960 and 1970a

Males Females Total
Categoryb 1960 1970 1960 1970 1960 1970

Aeronautical 3.90 7.25 0.00 0.00 3.86 7.15
Chemical 0.45 0.25 0.00 0.00 0.45 0.25
Civil 3.40 1.10 9.43 0.00 3.46 1.09
Electrical 0.52 1.58 0.00 2.37 0.52 1.59
Industrial 1.32 1.73 0.00 1.03 1.30 1.71
Mechanical 1.32 1.08 0.00 0.00 1.31 1.07
Metallurgical 1.17 0.73 - 0.00 1.17 0.73
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Petroleum 4.45 13.00 - 4.45 13.00
Sales 1.29 0.45 0.00 0.00 1.29 0.45
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eleCtrical and electronic, metallurgical and materials.



Table 4

An Analysis of the Distribution of Pennsylvania and U.S. Engineers
by Curricula Based Upon the National Registry of Engineers for 1969a

Curricula

Amended Pa. Per National Pa. Per
Pennsyl- United Cent Dis- Per Cent Cent of
vania Statesb tribution Distribution National

*Aerospace 500 11,800' ?.43 4.24 4.24
Chemical 2,300 28,200 1.16 10.14 8.16
*Civil 2,800 48,200 13.59 17.33 5.81
Electrical 4,900 62,800 23.79 22.57 7.80
General 1,500 20,400 7.28 7.33 7.35
Mechanical 4,700 60,500 22.82 21.75 7.77
*Metallurgical 1,700 10,300 8.25 3.70 16.50
*Mineral 700 13,800 3.40 4.96 5.07
Other 1,500 22,200 7.28 7.98 6.76
Not Reported 100 1,500 6.67

Total Curricula Reported 20,b00 278,200 100.00 100.00 7.40

B.S. Degrees Reported 20,700 279,700 91.I9c 90.87c 7.40
No B.S. Degrees Reported 2,000 28,100 8.81c 9.13c 7.12

Total 22,700 307,800 100.00 100.00 7.37

*
Curricula where Pennsylvania differs substantially from the nation in terms
of relative representation, i.e., fewer aerospace, civil and mineral engineering
graduates employed here but more metallurgical.

aData from American Engineering. Manpower 1969: Statistics from the 1969 National
Engineers Register published by the Engineering Manpower Commission of Engineers
Joint Council, New York, November 1971, p. 67.

bThe figures given by the Engineering Manpower Commission for the United States did
not add up to the total given, i.e., totals amended to read 307,800 instead of
308,000 and 279,700 instead of 279,800.

cPercentages here represent the degree versus no degree representation in this sampling
of the members of prc'essional engineering societies.



Table 4 is of interest because it indicates that Pennsylvania has more
engineers, proportionately, than one would expect based on its six per cent share
of the national population. Pennsylvania has over seven per cent of the nation's
degree-holding engineers, if the National Register sample can be considered rep-
resentative.

With regard to the proportion graduating in each curriculum area,
Pennsylvania has a smaller proportion in the aerospace, civil, mineral and "other"
curricula than the nation as a whole but a larger proportion than the nation for
chemical, electrical, mechanical and metallurgical engineering and virtually
identical proportions (seven per cent) for graduates of the general engineering
curricula. Particularly noteworthy is the very high proportion of metallurgical
engineers (8.25 per cent as compared with 3.70 per cent for the nation). The
markedly lower proportion of aerospace curricula engineers is not surprising since
there is relatively little aeOspace industry in Pennsylvania. Space-related
activities may well increase in the future counterbalancing the present air frame
oriented emphasis.

Although precise degreMy-age statistics for Pennsylvania are not readily
available, some idea of the age distribution of different degree levels for various
engineering specialties in the nation as a whole can be gl,laned from Table 5. If
we assume that a similar pattern holds for Pennsylvania, it is easy to see that
engineers in the various specialties differ considerably F.s to their age distribu-
tion and that the degree level attained also affects the age distribution.67

The data in Table 5 suggest that combining degree and nondegree engineers
results in a higher median age and, therefore, higher mortality and retirement
estimates than would be found for degree-holding engineers alone. It further sug-
gests that the use of an age distribution for all engineers combined tends to
underestimate mortality and retirements for degree-holding mining and petroleum
engineers and, especially, chemical engineers. At the same time it overestimates
somewhat the rates for electrical/electronic engineers.

How tenable the assumption that Pennsylvania's distribution is comparable
to the nation's can be tested to some degree by comparing the findings of Table 5
with the Pennsylvania figures taken from the 1969 National Engineers Register which
emphasized degree-holding engineers who are members of professional engineering
societies.25 Table 6 presents this comparison.

As can be seen, an assumption of an exact, one-to-one relationship between
national estimates and Pennsylvania f.gures from a different group is not completely
tenable. However, there is a closer correspondence to be noted for the older age
groups, possibly because the older ones are more likely to become active members of
professional societies. If true, this would render the to samples more comparable
and suggest that the assumption that national data-on-age-by-degree distributions
can reasonably be applied to Pennsylvania engineering data.
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Table 5

Age Distribution (Per Cent) and Median Age of Engineers
in the 1970 Census Based Upon a Post-Censal Samplea

Type ftgree

Age Median
Under

25 25-34 35-44 45=54
55

plus

Ageb
Years

(%)
Aero/Astro B.S. plus 1.96 29.43 37.24 2c7e.)98 8.39 39.94

Associate 4.92 17.81 42.62 29.96 4.69 40.90
None 1.07 14.60 29.28 35.65 19.40 45.92

Total 1.81 24.70 33.12 28.93 11.44 41.59

Chemical B.S. plus 2.59 33.85 26.13 26.72 10.71 49.69
Associate 4.59 30.95 46.60 13.27 4.59 37.60
None 3.41 19.78 21.62 31.53 23.66 46.15

Total 2.72 31.91 25.75 27.22 12.40 40.47

Civil B.S. plus 1.72 28.94 30.19 21.98 17.17 40.91
Associate 4.49 49.29 26.75 15.92 3.55 33.73
None 4.47 16.60 24.78 26.97 27.18 46.04

Total 2.80 25.22 28.12 23.57 20.29 42.32

Elec/Electronic B.S. plus 2.58 33.94 34.82 20.16 8.50 38.37
Associate 5.88 39.32 38.59 14.60 1.61 35.74
None 1.63 21.78 27.34 30.50 18.75 44.23

Total 2.43 30.37 32.64 23.15 11.41 39.77

Industrial B.S. plus 1.74 30.78 30.86 24.63 11.99 40.16
Associate 3.52 41.49 31.35 15.43 8.21 36.09
None 1.96 16.45 24.60 33.40 23.59 46.59

Total 1.91 24.67 28.03 28.27 17.12 42.85

Mechanical B.S. plus 1.72 32.01 28.04 27.29 10.94 40.30
Associate 2.89 30.79 38.05 21.86 6.41 38.79
None 2.97 12.79 23.85 32.67 27.72 47.68

Total 2.20 25.16 26.89 29.02 16.73 42.92

Metals/Materials B.S. plus 0.96 27.25 31.27 24.91 15.61 41.47
Associate 8.52 59.62 15.77 16.09 0.00 31.46
None 2.74 13,66 25.62 32.13 25.85 46.98

Total 1.57 24.45 29.51 26.57 17.90 42.63
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Table 5

(continued)

Type Degree

Age
MedianUnder

25 25-34 35-44 45-54
55

plus
Ages

Years
Mining/Petrol

Sales

N.E.C./Teachers

All Engineers

B.S. plus

Associate
None

Total

B.S. plus

Associate
None

Total

B.S. plus
Associate
None

Total

B.S. plus
Associate
None

Total

(%)

2.17

0.00

4.23

2.55

1.04

0.00
0.70

0.86

1.86

6.24

1.43

1.88

1.92

4.72
2.16

2.11

(70

24.88

44.85
10.03

22.16

27.01

41.43
18.78

24.00

30.31

43.04
20.99

27.61

31.20

39.47

17.84

26.88

(%)

29.36

37.50
32.99

30.14

30.89

37.53

24.31

28.33

29.41

34.83
27.22

28.87

30.99

35.27
25.77

29.34

(%)

26.99

17.65
23.90

26.31

28.32

12.44

29,95

28.50

25.02

11.57
27.51

25.34

24.06

16.08
30.60

26.03

( %)

16.60
0.00

28.85

18.84

12.74

8.60
26.26

18.31

13.40
4.32

22.85

16.29

11.83
4.4E,

23.63

15.64

42.32
35.87
45.65

42.89

41.61

36.78
46.57

43.37

40.56
34.71
44.63

41.60

39.95

36.15
45.88

41.66

aPercentages derived from Table 1 ceEngineers and Scientists in the 1970 ExperiencedCivilian Labor Force, By Age, Highest Degree Held and Sex in 1972," found inCharacteristics of Persons in Engineering and Scientific Occupations: 1972. TechnicalPaper No. 33, published by the U.S. Bureau of the Census, 1974.
bBased upon the percentage values in this table and assumes an equal age distributionover all values in a given age class, such as 35-44.
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Table 6

Comparative Percentage Distributions by Age
Group for National and Pennsylvania Engineers

Age

Group

National Censusa National Register (Pa.)b

Total

No

Degree
Associate
Degree

B.S.

Plus All Engineers

(%) (%) (%) (7) (7) (#)

Under 25 2.11 2.16 4.72 1.92 1.83 400
25-34 26.88 17.84 39.47 31.20 24.29 5,300
35-44 29.34 25.77 35.27 30.99 31.62 6,900
45-54 26.03 30.60 16.08 24.06 27.50 6,000
55+ 15:64 23.63 4.46 11.83 14.77 3,224
Total 100.00 100.00 100.00 100.00 100.00 21,824
No Report - - - - - 300

a
See Table 5

bDerived from American Engineering Manpower 1969: Statistics from the 1969 National
Engineers Register, Engineering Manpower Commission, Engineers Joint Council, New
York, 1971.

cThe figures have been modified to delete some 676 retired engineers in order to
make the figures more comparable to census data on work force engineers.

It should also be noted that while the 1970 census figures of Table 2 list
the total of experienced engineers in the labor force as 68,094, the number indicated
in the National Register of 1969 for Pennsylvania is 22,000. This indicates a vast
discrepancy between census figures and other available figures based upon licensed
engineers, engineers who are in professional societies, etc.

Finally, it may be of interest to look at some available data on (1) the
type of Pennsylvania industries in which Pennsylvania's engineers (census count)
were employed in 1970 and (2) their projected employment in 1980. Table 7 summarizes
these findings. It should be pointed out that the projections for 1980 were made
prior to the energy crisis and that certain Industries (marked with an asterisk) may
well have a larger share than shown if the response to the energy crisis is directed
at increased self-sufficiency.

As Table 7 illustrates, 85 per cent of all aeronautical engineers in
Pennsylvania in 1970 were in the Durable Goods Manufacture Sector, while 78 per
cent were in Aircraft and Aircraft Parts, a subcategory of Durable Goods. That

is, they are involved in the manufacture of aircraft or aircraft parts in plants
such as Piper Aircraft, Sikorsky, etc.

Four per cent are apparently involved in services (consulting, etc.) while
eight per cent are in government work, primarily federal government positions
related to aircraft. 9

OLP



Table 7

A Summary of Pennsylvania Employment Patterns by
Industry Sector for Engineering Specialtiesa

1970
Percentageb

1980
Percentageb Industry Sector

I. Astro-Aeronautical Engineering

85 88 Durable Goods Manufacture
78 85 Aircraft and Parts Manufacture
7 4 Services
8 8 Government
7 8 Federal Government

II. Chemical Engineers

84 82 Manufacturing
29 25 Durable Goods Manufacture
5 5 Stone, Clay and Glass Products ,9 10 Primary Metal Industries
6 7

Blast Furnaces and Steel Works11 8*c
Machinery, Electrical and Nonelectrical55 57 Nondurable Goods Manufacture

36 39 Chemicals and Allied Products13 13 Industrial Chemicals
15 14 Plastics and Synthetics
13 12* Petroleum and Coal Products
7 6 Services
5 5 Engineering and Architectural Services8 12 Other Industry Sectors Combined

III. Civil Engineering

43 40 Construction
6 8 General Building Construction

34 32* General Contracting
15 11 Manufacturing
12 9 Durable Goods Manufacture
8 7* Transportation and Public Utilities
6 5

Communications, Utilities and Sanitary21 31 Engineering and Architectural Services
7 7 Government (Federal, State and Local)6 4 Other Industry Sectors Combined

IV. Electrical and Electronic Engineering

59 58 Manufacturing
57 56 Durable Goods Manufacture
5 6* Nonelectrical Machinery

40 38* Electrical Machinery--Computers
2 2 Nondurable Goods Manufacture

21 20* Transportation and Other Public Utilities
11 11 Communications
9 9 Telephone
9 8 Utilities and Sanitary Electric Power

t,t t, J4
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Table 7

(continued)

1970 1980

Percentageb Percentageb Industry Sector

IV. Electrical and Electronic Engineering (continued)

9 12 Services
6 7 Professional and Related Services
6 6 Engineering and Architectural Services
5 6 Government
5 5 Federal Government
6 4 Other Industry Sectors Combined

V. Industrial Engineering

78 76 Manufacturing
64 65 Durable Goods Manfacture
15 11 Primary Metal Industries
7 7 Fabricated Metal Industries

19 12* Machinery, Nonelectrical
16 18* Machinery, Electrical
7 7* Transportation Equipment
4 5 Professional and Scientific Equipment

14 12* Nondurable Goods Manufacture (Textiles,
(Paper Products, Chemical and Allied
Products, Petroleum and Coal Products,
Rubber)

8 9 Services
5 6 Miscellaneous Business Services
4 5 Business Management
5 5 Government (Primarily Federal)
9 10* Other Industry Sectors Combined

(Mining, Construction, Transportation,
Communications and Utilities, Wholesale
and Retail Trade, Professional and
Related Services)

VI. Mechanical Engineering

71 66 Manufacturing
63 57 Durable Goods Manufacture
7 7 Primary Metals Manufacture
7 5 Fabricated Metals Manufacture

21 17* Machinery
9 11 Transportation Equipment

(Auto, Ship, Air and Rail)
8 9 Nondurable Goods
7 8* Transportation and Public Utilities
4 5 Utilities and Sanitary

11 14 Services

(Professional, Business and Commercial
R & D, Some Medical and Health)

i. V 3 5
20



Table 7

(continued)

1970 1980
Perconneb pprcpntngeb Twinqtry Rpornr

VI. Mechanical Engineering (continued)

7 10 Professional and Related
6 9 Engineering and Architectural Services
5 5 Government (Primarily Federal)
6 7 Other Industry Sectors Combined

VII. Metallurgical and Materials Engineering

89 85 Manufacturing
88 84 Durable Goods Manufacture
68 62 Primary Metals Industries
42 37 Blast Furnace, Steel Works
8 7 Other Steel
8 8 Primary Aluminum

10 10 Primary Nonferrous
5 6 Fabricated Metals
4 5 Machinery and Parts
8 9 Electrical Machinery
7 9 Services
4 7 Commercial R & D
4 6 Other Industry Sectors Combined

VIII. Mining Engineering

52 62 Mining
40 57* Coal Mining
11 5 Durable Goods Manufacture

(Primarily Stone, Clay and Glass
in 1980, less Primary Metals)

10 15 Services

(Primarily Architectural and
Engineering Services)

24 15 Government
10 4 Federal Government
14 11 State Government
3 3 Other Industry Sectors Combined

IX. Petroleum Engineering

23 24* Crude Petroleum and Natural Gas
7 15 Durable Goods Manufacture

(Petroleum Products)
40 34* Nondurable Goods Manufacture

(Petroleum Products and Refining
of Petroleum)

23 26* Gas, Steam, Electric Supply Systems
7 1 Other Industry Sectors Combined



Table 7

(continued)

1970 1980

Percentageb Percentageb Industry Sector

X. Sales Engineering

50 39 Manufacture
46 34 Durable Goods
16 8 Nonelectrical Machinery
12 12 Electrical Machinery
11 10 Primary Metals, Stone, Clay and Glass,

Fabricated Metals, Combined
5 5 Nondurable Goods (Primarily Chemical

and Allied Products or Rubber
51 50 Wholesale and Retail Trade
37 46 Wholesale Trade
7 8 Electrical Goods

17 24 Machinery Equipment and Supply
8 8 Miscellaneous Wholesale

(primarily Metals and Minerals,
Petroleum Products, Lumber and
Construction Materials)

6 8 Construction

(including Engineering and Architectural Services)
3 3 Other Industrial Sectors Combined

XI. Other Engineering Specialties Combined

60 57 Manufacturing
51 50 Durable Goods Manufacture
9 6 Stone, Clay, Glass and Primary Metals
6 5 Fabricated Metal Products

15 17* Machinery, except Electrical
11 12* Electrical Machinery (including Computers)
6 7 Professional and Scientific Equipment

(Scientific Instruments including
Health or Optical)

9 7 Nondurable Goods Manufacture
(Food, Paper, Chemicals, Petroleum, Coal,
Rubber and Miscellaneous Plastics)

23 28 Services
4 5 Miscellaneous Business Services

(Primarily Business Management, Commercial
R & D, Computer Programming, Medical and
Other Health Services)

11 17 Engineering and Architectural Services
17 15* Other Industry Sectors Combined

(Agriculture, Construction, Transportation,
Public Utilities, Wholesale and Retail Trade,
especially Machinery, Finance and Real
Estate and Government)



Table 7

(continued)

FOOTNOTES

aTaken from Pennsylvania Occupations by Industry Matrices for 1970 and 1980 as de-veloped by the Bureau of Labor Statistics using Method B of Tomorrow's ManpowerNeeds. The 1980 matrix does not include the impact of the energy'crisis.
bThe percentage figures below may be interpreted as the proportion of allPennsylvania engineers (census) of this specialty found in that particular sectorof industry.

cAsterisk indicates that this may be an underestimate since the energy crisis willaffect this sector to some degree.

THE PROBLEM OF AN ENGINEERING MANPOWER MODEL

A projection of need for any occupation or profession cannot be haphazard.What is sought is a reasoned estimate of future need based upon a defensible
rationale. The basis for such estimates should be well defined; and the best wayof making the process explicable and clearly rational is through the use of a man-power model that specifies, by implication, the methodology to be used andthenature of the data to be sought. This section attempts to summarize the general-
ized model and rationale behind the projections in the present study.

The generalized model may be expressed by the equation:

Where

Need - Demand = Supply

Demand = Withdrawals + Growth
Withdrawal = Deaths + Retirements + Disability + Job
Mobility (Out-migration) + change to Inactive Status

Supply = Terminal degree recipient output from
Pennsylvania schools multiplied by the State holding
rate + In-migration + Re7entry into the profession

The above model was useful because it did not require that the data come
from a given source and it was open as to the method used in projecting growth, i.e.,
correlation, eyeballing of historical data, federal or other percentage growth
estimates for the nation as a whole, the Bureau of Labor Statistics methodology usedhere, etc. Also the model did not require that data be obtained for every variableto be useful.

This point regarding the possible lack of data is important. Though an
adequate data base is essential, it is also the most difficult problem facing anindividual working on manpower projections, particularly with regard to data on
the state or local level.



Thoughtful analyses of the problems in projecting engineering manpower
are available; and they make it clear that the state of the art is still rela-
tively primitive. They show that projections can vary widely, depending upon

2the methodological base and attendant assumptions. 1,7,9,14,27,9,54,58 Never-
theless, once a model or projection method is selected, the basic problem the
researcher has to deal with is getting accurate data that can be considered as
comparable over a period of time.

State and federal governments and other institutions collect and compile
data solely on the basis of their current needs and often discard it when it is
no longer current. When the reeled data is collected, it is then frequently
archived rather than made readily accessible on magnetic tape, etc. This, in
turn, makes the analysis of historic trends difficult and the compilation of
needed data much too time-consuming or expensive to readily undertake. In engi-
neering, the situation is further compounded by a lack of agreement as to what
constitutes an engineer and by a lack of standardization with regards to engi-
neering categories.

The data used in this study came from a variety of sources and are, there-
fore, subject to the above limitations. As a consequence, developing estimates
of the variables needed for the model has also required a variety of additional
assumptions designed to permit derivation of needed data.

ENGINEERING` DEMAND IN PENNSYLVANIA

As indicated by the manpower model described earlier, demand is a combination
of (1) variables such as withdrawals due to death, retirement and out-migration, and
(2) growth of the number of available openings. Of the two, growth is by far the
most difficult to estimate, although accurate figures on migration for a given oc-
cupation are not easily obtained.

Problem of Choice of Method

The difficulty with estimating future demand due to growth lies in the fact
that the growth of a given occupation depends on a large number of factors which
are also hard to project: population growth, economic growth, technological change
and federal research funding. Fortunately the federal.government has developed a
methodology which can be used with occupation-by-industry matrices derived from
census or other available data. The methodology itself is described in the publi-
cation, Tomorrow's Manpower Needs: National Manpower Pro ections and a Guide to
Their Use as a Tool in Developing State and Area Manpower Projections, Vols. I -TV,
published by the Bureau of Employment Security, U.S. Department of Labor and
Industry.56

The projections of growth for engineers as a whole and for the various sub-
specialties in this report are a result of a modified version of Method B described
in the above publication. These projections were carried out for Pennsylvania and
Maine by the U.S. Bureau of Labor Statistics. Allocations made are based upon an
unpublished detailed survey of the nonrespondent population. The projections to
1980 assume the same nonrespondent distribution as in 1970 and are shown in Table 8.
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Table 8

Projected 1970 to 1980 Change in Pennsylvania's Engineering,
Employment as Computed by the Bureau of Labor Statisticsa

Types

of

Engineer
1970

Censusb

1980

Pro-
jectionsc

1970

Per Cent
Dis-

tribution

Projected
1980

Per Cent
Distribution

1970-80

Numerical
Percentage
Change

Aero-Astronautical 1,500 1,800 2.04 2.12 20.00
Chemical 3,918 3,756 5.33 4.42 - 4.13Civil 9,288 10,997 12.63 12.93 18.40
Electrical 15,178 17,849 20.63 20.99 17.60'Industrial 12,467 15,207 16.95 17.88 21.98
Mechanical 11,208 11,828 15.24 13.91 5.53
Metallurgical 2,228 2,370 3.03 2.79 6.37Mining 330 334 0.45 0.39 1.21
Petroleum 88 99 0.12 0.12 12.50
Sales 4,784 4,705 6.50 5.53 - 1.65
Other, n.e.c. 12,565 16,104 17.08 18.93 28.16

All Engineers 73,554 85,049 100.00 100.00 15.63

aData taken from computer printouts supplied by Frederick L. Bauer, associate
assistant regional director for program and analysis, Bureau of Labor Statistics,
Mideast Regional Office, U.S. Department of Labor and consisting of 1970 and 1980
Iterated Pennsylvania Matrices computed according to a modification of Method B
detailed in the publication Tomorrow's Manpower Needs.

bThese figures will not agree with published census figures due to the allocation
process used by BLS. This process represents a correction of the 1970 census
data through allocation of nonrespondents. This allocation was based upon a detailed
unpublished survey of the nonrespondent population.

cThe 1980 projections assume a comparable nonrespondent allocation pattern to that
of 1970, i.e., growth estimates applied to the allocated 1970 figures.

All projections were carried out before the Arab oil embargo and subsequent
energy crisis, with its attendant impact on the U.S. economy. We must, therefore,
assume in Table 8 that the present recession constitutes a relatively short-term
phenomenon and that these projections will, in fact, be valid over the long term.
It is evident that a further attempt will have to bt made to estimate the impact,
between 1970 and 1980, of our probable response to the energy crisis in terms of
engineering demand."'"

Asslimptions Made Relative to Growth

The assumptions made by the U.S. Bureau of Labor Statistics in developing
the projections of Table 8 may be described as follows:

1. A relatively high employment level.

2. Area changes will follow the patterns developed by the bureau.
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3. The rate and change of economic growth will not be significantly
affected by an unforeseen major event.

4. Econbmic and social patterns and relationships will continue to
change at about the same rate as in the recent past.

5. Scientific and technological advances of recent years will continue
at about the same rate.

6. Defense expenditures will remain at "cold war" levels.

The figures in columns 1 and 2 of Table 8 actually represent a count of
workerd by place of residence, i.e., one job per workdr, with those holding more
than one job being classified in their primary occupations. The figures are
probably lower than the true value because some workers undoubtedly commute.
There is no current data to tell us whether the net commutation favors the state.
These estimates must then be accepted as close to the true value (Table 8).

As also seen in Table 8, on the basis of historical patterns prior to
1970 and upon projected trends that are themselves based upon the growth assumptions
cited above, the greatest growth would seem to be in aero-astronautical, civil,
electrical, industrial, petroleum and "other" engineering categories (nuclear,
biomedical, etc.). Later, of course, these projections will have to be modified
to reflect the response to the energy crisis.

While the overall projection of a 15.63 per cent increase in the number of
employed engineers between 1970 and 1980 agrees with other estimates for Pennsylvania50
and with tentative projections by the National Planning Association, it is obvious
that the growth of the 1960s is not being duplicated in the 1970s to date. The
reduction of the aerospace effort in the late 1960s undoubtedly rPluced the need for
aeronautical engineers. Yet, in Table 8 there is a marked growth in aeronautical
engineering as projected for Pennsylvania. This finding certainly requires some
analysis.

Pennsylvania itself has been little involved in the aerospace program.
Therefore, Pennsylvania's engineers have not been as greatly affected by the re-
duction ii federal funding as engineers in general. Though the reduction of the
Piper Aircraft staff in the late 1960s is reflected in Table 8 projections, Piper
was not a major employer that would markedly affect the projections. Of more
concern, perhaps, is the impact of the '-nergy crisis upon the aircraft and aircraft
parts industries in Pennsylvania. So far there has been no great impact; in fact,
the small-craft manufacturing component may have benefited since many firms chose
small craft when commercial service was curtailed by the Arab oil embargo. As a
consequence, the aeronautical engineer projection has been allowed to stand as it
is found in Table 8. This also allows for greater aerospace involvement in the
future.

The most interesting finding for Table 8 seems to be the projected decline
of chemical and sales engineering for Pennsylvania. These declines could be re-
versed by a major firm entering Pennsylvania, such as Dupont, or a marked increase
in the merchandising of highly technical products manufactured here. However,
there is no current basis for assuming such events, especially in view of the
economic climate.



The Problem of Estimating Growth for Baccalaureate Holders

The Table 8 projections are, of necessity, spuriously high in the sense that
they are estimates of the number who have, or will have, classified themselves as
engineers in responding to a census. Our concern is actually with that portion who
have at least a baccalaureate degree in engineering. In addition, a small minority
will have a degree in a scientific discipline other than engineering. Preliminary
findings of the analysis of the 1970 census by the National Science Foundation44
Suggest that the figure for all engineers in Table 8 should be 88.2 per cent of that
shown and that 88 per cent of that figure will constitute the B.S. degree holders.
This means that of 60,432 engineers, 53,180 will have B.S. degrees, though no
breakdown in field is yet available. These findings are not used here because of
this lack of information by field.35

Table 9 shows the percentage distribution of engineers by educational level,
i.e., B.S. or higher, associate degree, no degree. These findings are based upon
the original post-censal study of those calling themselves engineers in the 1970
census.° The figures shown are for the nation as a whole, but it can be assumed
that they are not untypical of Pennsylvania. This makes is possible to determine
the number of B.S. or higher degree engineers in Pennsylvania by using figures from
Table 8.

Table 9

Percentage Distribution of U.S. Engineers by
Type of Engineer and Possession of a Degreea

Type of
Engineer

Bachelor's
or Higher

Per Cent

Associate
Degree
Per Cent

No

Degree

Per Cent

Ae'ro/Astro 67 4 29
Chemical 85 1 14
Civil 60 4 36
Elec/Electronic 64 5 31
Industrial 51 4 45
Mechanical 61 3 36
Metals/Materials 72 2 26
Mining/Petroleum 80 1 19
Sales 55 3 42
Teachers/n.e.c. 62 4 34

Total 62 4 34

a
Percentages derived from Table 1. "Engineers and Scientists in the 1970
Experienced Civilian Labor Force, by Age, Highest Degree Feld and Sex in
1972," found in Characteristics of Persons in Engineering and Scientific
Occupations: 1972, Technical Paper No. 33, published by the U.S. Bureau
of the Census, 1974.

42
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Table 10 results from the use of the percentages in Table 9 to identify
the degree-holding engineers in the 1970 estimates and in the 1980 projectionsof Table 8. The figures in the last two column can now be used to project
growth in the number of baccalaureate degree-holding engineers by assuming acompound rate of growth from 1970 to 1980 and by extrapolation to 1985. Table11 shows the result of this process with 45,176 degree holding engineers, forexample, seen as increasing at a compound rate of growth to 52,015 in 1980 and55,976 in 1985.

Since extrapolation is, by its very nature, more subject to error, the
results for the years 1981 to 1985 are less certain than for the years 1970-1980.

Estimations of Demand Due to Growth With No Energy Crisis Assumed

Table 12, based on Table 11, shows the projected demand due to growth for
each specialty and for all engineers combined. If correct, the demand per yearshould have resulted in a demand for baccalaureate or higher degree-holding
engineers, ranging from 627 per year in 1970 to 745 in 1980 and, finally, to 825per year by 1985. Most would be required for civil,

electrical/electronic, industrialand "other" engineers, such as bio-medical, nuclear, etc.

As might be expected in a pre-energy crisis projection, the growth in bothmining and petroleum engineering is quite small. Undoubtedly these two areaswould have shown a considerable increase in demand due to growth if the energy
crisis had been taken into consideration by the Bureau of Labor Statistics.

Demand Due to Separation From the Work Force

Demand due to death, retirement and disability may be categorized generally
as demand due to separations from the work force. Out-migration could be includedhere but it will be treated as a separate problem.

The Labor Market Information Section, Research and Statistics Division,
Bureau of Employment Security, Department of Labor and Industry has published
withdrawal rates for the various subspecialties and for engineers as a whole. The
rates were based upon the known age distributions of the self-nominated engineersof the U.S. census. These withdrawal rates were published in August 1974 in
Pennsylvania Occupational Projections: 1970 and 1980 Total Resident Employment
and Annual Average Job Openings by Occupational Category for the State and Its
Major Areas.5°

Shown at the bottom of Table 13, the separation rates were multiplied by
the column values of Table 11 to obtain estimated year-by-year separations due to
death, disability and retirement for each engineering specialty listed. These
estimates are spurious in that the age distribution of the B.S. or higher degree
engineer differs from that of all engineers combined. However, it is assumed here
that the amount of error is not enough to warrant an attempt to be more precise.
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Table 10

Conversion of 1970 and 1980 BLS Modified Method B

Projections of Employed Engineers to Estimates of
Employed Engineers Holding a Bachelor's Degree in Pennsylvania

Field B.S.
of Conversion

Engineering Ratiob

Total

Employed
1970e

BLS

Modified
Method B
1980c

Estimated
B.S.

Holders
1970

Estimated
B.S.

Holders
1980*

Aero-Astronautical 0.67 1,500 ,1,800 1,005 1,206
Chemical 0.85 3,918 3,756 3,330 3,193
Civil 0.60 9,288 10,997 5,573 6,598
Electrical-Electronic 0.64 15,178 17,849 9,714 11,423
Industrial 0.51 12,467 15,207 6,358 7,756
Mechanical 0.61 11,208 11,828 6,837 7,215
Metallurgical and
Materials 0.72 2,228 2,370 1,604 1,706

Mining 0.80c 330 334 264 267
Petroleum 0.80c 88 99 70 79
Sales 0.55 4,784 4,705 2,631 2,588
Other, n.e.c. 0.62 12,565 16,104 7,790 9,984

All Engineersa 0.61d 73,554 85,049 45,176 52,015

aAll entries in this row are summations of the column entries with the exception
of the B.S. conversion ratio of 0.61.

bDerived from national figures taken from a post-censal survey of engineers asfound in Table 9.

cMining and petroleum engineers were combined in the post-censal study of note babove. The same ratio is used here for both, although they may differ with
regard to the proportion of degree holders.

dAn actual result obtained by dividing 45,176 by 73,554 and 52,015 by 85,049,
rounded off to two decimals. The nost-censal survey of note b above gives this
figure as 0.62, but a decision was made to use the obtained figure rather than to
allocate.

e
See Table 8.
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It should be noted that the publication from which the separation rates
are taken5° also has 1970-1980 projections that differ from those in Table 8.
These projections could have been used as the basis for the projections of growth
and demand found in Tables 11 and 12. The projections actually used in Table 8
were preferred because the 1970 figures for occupations other than engineering
were more congruent with other available, seemingly more accurate 1970 data for

physicians,11 dentists17 and lawyers.19 The projections also seem to agree with
the existing, independently arrived-at projections of growth by 1980 mentioned
earlier.

The Problem of Estimating Out-migration

There are no existing estimates of occupational migration rates for
Pennsylvania. This area needs data badly, but nothing is currently available.
The 1970 census, which included items relating to residence five years earlier,
could be used to create a matrix reflecting movement in and out of a state. For
that matter it could reflect migration in and out of a given occupation. To do
it properly, however, one would have to analyze geographic and occupational
mobility together, since they interact. When one changes occupations, he/she
often changes geographic location. Such a study might require one or two years
and a great deal of time and funds.

In light of this lack of data concerning migration by occupational cate-
gory it was necessary to use what national figures were available. Usable data
were found in Table 7 of the publication, Subject Reports: Mobility for States
and the Nation," which, when corrected to reflect an allocation of the nonrespondents
among the known movers, resulted in Table 14 of this report.

Manipulation of data on movers and nonmovers, over all states, found in
this table (Table 14) resulted in the findings found in the last two columns.
Of particular interest are ':he figures for each specialty in the last column
headed, "Yearly Per Cent Leaving State." These percentage rates when applied to
the estimated number of degree-holding engineers in Table 11, should give an
estimation of the number out-migrating in each specialty for a given year if it
is assumed that the rate will not change markedly over time and that these
national rates actually apply to Pennsylvania's engineers.

The percentage rates of Table 14 have, therefore, been used to estimate
engineering demand due to out-migration as Table 15 shows.
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THE ENERGY CRISIS AND DEMAND

Since the projections cited earlier were developed, "energy crisis" became
a household phrase and, despite the relative unconcern by the general public,
there seems to be no doubt that it is real and is likely to become a serious issue
in the near future.

No positive program has yet been agreed upon by the federal administration
and the Congress, but it is probable that considerable efforts will have to be
exerted to make the United States more self-sufficient in terms of energy that it
now is. Indeed, recent announcements by the federal government indicate that
dependency on foreign oil is increasing rather than decreasing. Overall, domestic
production is going down. Pennsylvania with its large coal deposits and high-grade
oil, should certainly be affected by any major response to the energy crisis.

To assess the probable impact of the nation's response to the crisis, one
must modify the growth projections cited earlier in this report. Projections of
demand, derived from these modified growth figures, should then permit an estima-
tion of the need for engineers while dealing with the energy crisis.

It is obvious, of course, that no such assessment exists for Pennsylvania
itself. A'national impact study has, however, been made by the National Planning
Association.30 The results of this national study are utilized in this report on
the assumption that Pennsylvania engineers and industries will be similarly affected.

Impacted Pennsylvania Industries

According to the National Planning Association report by Gutmanis,30 the
following industries will be affected by the response to the energy crisis: general
contracting (home construction excluded), engine and turbine manufacture, power
utilities, coal mining, crude petroleum and petroleum refining.

Table 16 shows the number (1970 census) of Pennsylvania engineers for each
of these industries, plus the per cent of each type of engineer in that industry.
Civil engineers in home construction were excluded.

Impact on Pennsylvania Engineering

Table 16 figures are carried over to Table 17 for two purposes: calculating
the energy sector employment growth rate and correcting the BLS projections for 1980
to reflect the impact of the energy crisis.

Table 17 separates energy-related employment from nonenergy-related employ-
ment by subtracting the totals of Table 16 from the 1970 census figures in Table 8.
These estimates of 1970 energy and nonenergy sector employment (columns 2 and 3 of
Table 17) are then multiplied by either (1) the estimated growth for the energy
sector as projected by Gutmanis30 (column 4) or (2) the nonenergy growth projections
of the Bureau of Labor Statistics in Table 8 (see column 5 of Table 17). Adding
the two results for a given field of engineering gives the final corrected estimates
of growth by 1980, as shown in the last two columns of Table 17. Apparently, the
engineering profession in Pennsylvania by 1980, due to a response to the energy crisis,

should number 89,979, compared with 85,049 in Table 8. In other words there should be
a 22 per cent increase over 1970 instead of the 15.63 per cent increase projected in
Table 8.

cf. 36
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Table 18 allows a direct comparison of the original percentage distri-
bution for 1980 with the energy crisis distribtuion for thiat year.

As seen in Table 18, the projected energy response distribution, when
compared with 1970, will reduce the proportion of aeronautical, chemical, civil,
mathematical, metallurgical and materials and sales engineers in the total mix and
increase the proportion of electrical/electronic, industrial, mining, and "other"
engineers. Petroleum engineers are seen as retaining their 1970 status of 0.12
per cent.

Also on the basis of .tbe last two columns of Table 18, the projected
energy crisis response will produce a larger proportion of electrical/electronic,
mechanical and mining engineers than would be the case under the normal 1980
economic assumptions by the Bureau of Labor Statistics.

Conversion to Degree Holding Engineer Estimates

The energy crisis-corrected projections in Table 18 are spuriously high
as estimates of the number of college-trained engineers because of the limitations
of census based data. It has, therefore, been necessary to convert these pro-
jections in Table 18 to estimates of the number of 1970 and 1980 baccalaureate
or higher degree holding engineers in Pennsylvania. The results of this con-
version, found in Table 19, were arrived at by the same procedures used in Table 9.
The estimated numbers of B.S. or higher degree-holding engineers in 1970 and
1980 under energy crisis-induced growth are in the last two 'columns of Table 19.
These figures indicate growth from 45,176 in 1970 to 55,127 in 1980. The figure
of 55,127 contrasts the figure of 52,015 in Table 10 where no energy crisis is
assumed to exist.

The Table 19 estimates for 1970 and 1980 were then subjected, in Table 20,
to the same basic process used in Table 11 to estimate the number of engineers in
each specialty.

It is assumed in Table 20 that the response to the energy crisis will not
materialize until 1976 and that during 1970 and 1975 the growth of a given spe-
cialty will follow the nonenergy crisis growth pattern of Table 11. The projec-
tions from 1975 to 1980 are, in turn, ,a result of the use of compound growth rates
between the 1975 figures of Table 11'.and the 1980 (energy crisis) estimates of
Table 19. These compound growth rates, which were derived from the 1975 and 1980
data points, are also used to extrapolate beyond 1980 to 1985.

Demand Due to Energy Crisis Growth

Table 21 shows projections of demand due to growth, i.e., year-to-year
change, based upon Table 20. As might be expected, a sharp upturn in demand is
projected to occur in 1976 because of the assumption that the nation's response
to the energy crisis will be formulated in 1975 and go into action in 1976.



Table 18

Projected 1970 to 1980 Change in Pennsylvania's Engineering Employment
if the Energy Crisis Scenario of the National Planning Association is Implementeda

Types
of

Engineer
1970

Censusb

1980

"Energy
Crisis"

Projectionsc

1970
Per Cent
Distri-
bution

Projected
1980 Crisis 1980
Per Cent BLS

Distribution Distributiond
(70 (%) (%)Aero-Astronautical 1,500 1,800 2.04 2.00 2.12

Chemical 3,918 3,944 5.33 4.38 4.42
Civil 9,288 11,327 12.63 12.59 12.93
Electrical 15,178 19,231 20.63 21.37 20.99
Industrial 12,467 15,313 16.95 17.02 17.88
Mechanical 11,208 13,428 15.24 14.92 13.91
Mettalurgical and
Materials 2,228 2,433 3.03 2.71 2.79

Mining 330 469 0.45 0.52 0.39
Petroleum 88 109 0.12 0.12 0.12
Sales 4,784 4,910 6.50 5.46 5.53
Other, n.e.c. 12,565 17,015 i7.08 18.91 18.93

All Engineers 73,554 89,979 100.00 100.00 100.00

aBdsed upon the study for the National Science Foundation by Ivars Gutmanis
The Demand for Scientific and Technical Manpower in Selected Energy-Related
Industries, 1970-1985: A Methodology Applied to a Selected Scenario of Energy
Output, A Summary,National Planning Association, Washington, D.C., 1974.

b1970. Census estimates as corrected by, the Bureau of Labor Statistics by
allocation of nonrespondents.

cFrom Table 17.

dSee Table 8 for source.



Table 19

Conversion of 1970 and 1980 Energy Crisis\
Modified Projections of'Employed Engineers to

Estimates of Employed Engineers Holding a Bachelor's
or Higher Degree in Pennsylvania

Field B.S.
of Conversion

Engineering Ratiob

Total
Employed

1970e

Projected
Energy Crisis
Employed

1980f

Estimated
B.S.

Holders
1970

Energy Crisis
Estimate of
B.S. Holders

1980

Aero-Astrovatical 0.67 1,500 1,800 1,005 1,206Chemical Ow 0.85 3,918 3,944 3,330 3,352
Civil 0.60 9,288 11,327 5,573 6,796
Electrical-Electronic 0.64 15,178 19,231 9,714 12,308
Industrial 0.51 12,467 15,313 6,358 7,810
Mechanical 0.61 11,208 13,428 6,837 8,191
Metallurgical and

Materials 0.72 2,228 2,433 1,604 1,752Mining 0.80c 330 469 264 375
Petroleum 0.80c 88 109 70 87Sales 0.55 4,784 4,910 2,631 2,701Other, n.e.c. 0.62 12,565 17,015 7,790 10,549

All Engineersa 0.61d 73,554 89,979 45,176 55,127

a
All entries in this ro0 arc summdtions of the column entries with the exception
of the B.S. conversion ratio of 0.61.

b
Derived from national figures taken from a post-censal survey of engineers as found
in Table 9 of this report.

cMining and petroleum engineers were combined in the post-censal study of note b.
above. The same ratio was used for both, although there may be a differencebetween them with regard to the proportion of degree holders.

dAn actual result obtained by dividing 45,176 by 73,554 and 55,127 by 89,985; 0.61 is
obtained in each instance when rounded to two decimals. The post-censal survey of
note b above gives this figure as 0.62 but a decision was made to use the obtained
figure rather than to allocate.

e
See Table 18.
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Demand Due to Separations

No table has been developed to reflect separations due to death, dis-ability or retirement. It has been assumed instead that the pre-energy crisisestimates of Table 13 can be used here, since any new entrants attributable tothe energy crisis will be young and not likely to die, become disabled or retire.

Demand Due to Out-migration

In Table 22, estimates of the out-migration rate for the historic past
have been applied to the growth estimates of Table 20 in order to project theout-migration, by specialty, of Pennsylvania engineers under an energy crisisresponse assumption. These projections will err to the extent that the rising
demand in other states reduces Pennsylvania's ability to retain and attractengineering talent. They would also err to some degree if the assumption ofPennsylvania being comparable to the other states is not in actual fact tenable.

The foregoing projections of demand under energy crisis and nonenergy
crisis conditions will have to be compared with projections of the availablesupply of engineers before any assessment of actual need can be made. They are,in and of themselves, of little value unless we are able to also assess supply.Fortunately, it has proven to be possible to do this despite the difficulties
entailed in such a process.

PENNSYLVANIA'S ENGINEERING SUPPLY

In an assessment of supply four basic problems arise. The first isobtaining valid and reliable histcrical data on engineering enrollments anddegree output. The second is ascertaining the trends in the historical datato permit extrapolation into the future. The third is how to estimate thesupply due to in-migration. The last problem, not dealt with here (see section
on unmet need), is the question of the long-term future relative to populationchanges now foreseen as a consequence of (1) the declining birthrate, (2) the
recent decline of college freshmen's interest in engineering,5'6 (3) the in-
creasing participation by women and minorities,4'42'45 and (4) the recently
reported decline in mathematical (SAT) aptitude scores, and the science and
achievement scores of the National Assessment. 41 '

43
'
53

The Problem of Valid and Reliable Data

Several data sources were initially examined as a possible basis for
projecting supply. These sources were (1) the REGIS data normally compiled bythe Division of Educational Statistics in the Pennsylvania Department of Educationand (2) the annual spring compilations of the Engineers Joint Council.

Consultation with the deans of the various engineering colleges in thestate made it quite clear that they felt the REGIS data to be inaccurate andinsufficiently detailed. The Engineers Joint Council data were also seen as

44

..),C
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less accurate than they could be. This was because the estimates of fall enroll-
ment, for freshmen especially, were made early in the spring and were, in many
instances, projections rather than hard data.

It was therefore agreed that the Pennsylvania Association of Engineering
Colleges would undertake a survey of potential and past manpower supply by using a
survey form developed by the author of this report. This survey, entitled Report
of The Pennsylvania Engineering Manpower Surveys From the Pennsylvania Association
of Engineering Colleges, was carried out under the supervision of Dean Arthur
Humphrey of the College of Engineering and Applied Science of the University of
Pennsylvania and was completed by him in July of 1974.31 Some corrected data were
later obtained and inserted into the report in September of that year. The survey
data were then used in computing the supply estimates and projections found here.

Pennsylvania's Engineering Graduates 1963-73

Table 23 summarizes survey data submitted by the Pennsylvania Association
of Engineering Colleges on the number of engineers graduated with a bachelor of
science, a master of science or a doctoral degree for each year from 1963 to
1973.31 The numbers for each school, when summed, yielded figures suitable f)r
an analysis of the total supply from Pennsylvania schools during this period.

Obviously, not all graduates can be expected to enter the Pennsylvania
labor market. Some will undoubtedly work elsewhere; some will go on to graduate
school; some will enter military service; and some will be unemployed, at least
for a time. Further data on the rate of entry into these various post-graduate
options is obviously needed.

Post Engineering Degree Activities

In 1971-72 William Toombs of The Pennsylvania State University carried
out a study entitled The Comm-Bacc Study: Postbaccalaurea.te Activities of Degree
Recipients from Pennsylvania Institutions 1971-72.57 Although Toombs provided no
detailed data for engineers in his report, he provided a special count from the
raw data later. These special counts for engineering are in Table 24.

As can be seen, in 1971-72, the proportion of engineers obtaining
employment related to their field of training was 46.6 per cent. Figures for
the various specialties ranged from 27.3 per cent for aeronautical engineers
to $7.2 per cent for civil engineers. In general, these findings seem to be
consistent with the employment picture for engineers at the time. In fact,
there was a great deal of publicity about the "high" unemployment of engineers,
particularly of aeronautical engineers.

Ironically, the employment problems for the engineering graduate were
far less than for any other type of graduate. Most of the so-called unemployment
was found among aeronautical and systems engineers over forty-five who had worked

in the recently reduced federal aerospace program.16
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Table 24 also shows that 48.6 per cent of those who found employment
remained within the Commonwealth of Pennsylvania. Retention rates for the
specialties ranged from 42.7 per cent for the general "other, n.e.c." classi-
fication to 60 per cent for metallurgical engineering degree recipients. The
lowest figure was for aeronautical engineers, of whom only 42.9 per cent
remained in the state.

During this period, only 27.2 per cent of all engineering degree
graduates in Table 24 entered an activity other than employment. This varied
widely among the specialties: 45.5 per cent of the aeronautical engineers
entering either military service (31.8 per cent) or graduate school (13.7 per
cent). In contrast only 4.7 per cent of the industrial engineers entered the
military and only 11.6 per cent went on to graduate study. As might be expected,
the strongest participation in graduate school was by chemical and petroleum
engineers (24.5 per cent), mechanical engineers (23.0 per cent), metallurgical
engineers (19.2 per cent) and other engineers, n.e.c. (23.7 per cent). Other
engineers, n.e.c., includes nuclear engineering, bio-medical engineering and
other highly specialized areas. These specialties tend to be highly technical
fields for which graduate education might well be desirable or even mandatory,
e.g.; nuclear engineering.

When using this table, one must remember that 1970-71 was somewhat
unusual. In a contrasting period of high demand and low supply it is unlikely
that relevant employment rates would be so low or unemployment figures this
high. It has, therefore, been assumed in the projections of this report that
(1) military entry rates will drop sharply, (2) graduate study will be less
attractive, (3) virtually all of the graduates will be employed in related
fields and (4) retention rates will nevertheless remain the same, i.e., that
state employers will remain at least as competitive as in the past.

Freshman/Five-Year Program Sophomore Graduate Projections

Table 25 represents Pennsylvania Association of Engineering Colleges
data on the number of freshman and, for the five-year programs, the number of
sophomores enrolled in engineering. It then compares these totals (freshmen
and sophomores combined) with the number of graduates at the end of the fourth
year. The overall ration of freshmen/sophomores to graduates was 0.6268; this
means the number of graduates (B.S.) was approximately 62 per cent of the
freshman/sophomore figure.

This ratio was then used to project the number of graduates in 1973-74
and 1975-76. The real problem now is to project beyond 1975-76 in the absence of
any data on the number of freshmen beyond the 1972-73 school year.

Projection of Graduates Beyond 1976

Table 26 indicates the overall growth of the freshman class in all
institutions of higher learning, plus growth for the various major segments of
higher education from 1966 through 1973. This information, if compared with
the known number of high school graduates, should yield a ratio which can be
applied to existing projections of high school graduates. The result will be
projections of the number of freshmen entering Pennsylvania's colleges.
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Table 27 translates high school graduate figures to four-year college
enrollment ratios for 1966 through 1973; and it indicates an overall ratio of
0.33. Use of 0.33 will permit a "mean ratio" prediction of freshman class size
from 1966 to 1973.

The freshman class projections in Table 27 are then transferred to
Table 28 (column 1). For the period 1967 through 1973, they are contrasted
with the engineering freshman/five-year program sophomore figures of Table 25
so that a series of historical ratios can be developed.

As seen in Table 28 the ratios have historically declined in size.
each year from 1967 to 1973. This decline is presumably a consequence of
adverse publicity about unemployment among engineers and of a declining
interest in scientific and technical occupations among students of the 1960s.

It is assumed, in Table 28, that this situation will reverse itself
due to (1) the increasing difficulty of college graduates finding employment
in popular degree areas, such as eclucation, liberal arts, and, to a lesser
degree, the physical, biological and social sciences and (2) the projected
strong demand for engineers. Since no exact estimate of the reversal trend
was possible, it was further assumed that any reversal would be a mirror
image of the previous historical decline until it reached the 1967 level
and then be held steady.

The last column of Table 28 lists freshman/five-year sophomore
enrollment projections based on these mirror 1.,..age ratios. Interestingly,
data published April 28, 1975, by The Chronicle of Higher Education indicates
that the 1963-1973 decline was reversed in 1974 with a 22 per cent increase
over 1973's freshmen enrollment figures compiled by the Manpower Commission
of the Engineers Joint Counci1.24 Table 28 also indicates a marked reversal
o;f the trend iv 1974 and a similar increase, 20.7 per cents It may be that
the ultimate ratio of Table 28 should be higher than the 7.26 per cent limit
shown. The author believes that students' rejection of scientific and tech-
nical occupations will persist to some degree, not only because of the ideology
that rejects technology, but also because the federal government effectively
but inadvertently put over the message Chat one cannot-count on employment in
any occupation where government policy and priority decisions can suddenly
eliminate a large number of job openings.

Final Projections of Graduates Produced and Retained

In Table 29 the actual and projected freshmen/sophomore figures of
Table 28 are multiplied by the 0.6268 ratio. This ratio is used to project
the number of engineering graduates from 1974 to 1987.

Since an extrapolation of demand due to growth has been made from
1980 to 1985 and because such extrapolations are risky, the subsequent tables
will go only to 1983. This will make the extrapolated projections reasonably
conservative.
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Table 27

Projection of College Freshmen Enrollment in
Four-Year Baccalaureate Institutions of Higher Learning

Year
High School
Graduatesa

Freshmen
(Four-Yr.)

College
Enrollmentsb

Ratio

Enrollments
High School
Graduates

Mean Ratio

Prediction
of

Freshmen'
Percentage

Error

1966 168,531 52,286 .31 55,615 6.37
1967 16,7,996 53;815 .32 55,439 3.021968 167,533 56,427 .34 55,286 -2.02
3969 178,397 62,848 .35 58,871 -6.33
1970 182,690 61,549 .34 60,288 -2.05
1971 182,690 61,505 .35 60,288 -1.98
1971 186,569 60,622 .33 61,568 1.56
1973 181,621 59,694 .33 59,935 o.4a

Total 1,416,027 468,746 .33 467,289 0.31
Projected

1974 187,800 61,974
1975 191,300 63,129
1976 189,200 62,436
1977 188,100 62,073
1978 185,200 61,116
1979 183,400 60,522
1980 176,600 58,278
1981 173,000 57,090
1982 170,100 56,133
1983 160,100 52,833

a
From Table 7, Selected Educational Statistics for Pennsylvania to 1983-84:
Projections, Pennsylvania Department of Education, 1974.

b
Data provided by the Division of Educational Statistics of the Bureau of
Information Systems, Pennsylvania Department of Education. See Table 26.



Table 28

Computation of the Ratio Between the Number of Engineering
Four-Year Program Freshmen or Five-Year Program Sophomores and

the Number of College Freshmen for the Years 1967-1973 and Projec-
tions of Engineering Freshmen/Five-Year Sophomores Figures to Fall 1979

Year
(Fall)

Four-Year
College
Freshmena

Engineering
Program
Freshmen/

Sophomoresb
Percentage
Ratio

Predicted
Engineering

Program Freshmen/
Sophomore Ratioc

Predicted
Freshmen/
Five-Year

Sophomoresd

1967 53,815 3,908 7.26
1968 56,427 3,934 6.97
1969 62,848 4,006 6.37
1970 61,549 3,769 6.12
1971 61,505 3,434 5.58
1972 60,622 2,821 4.65
1973 59,694 NA 4.00 2,387

Projected
1974 61,974 4.65 2,882
1975 63,129 5.58 3,523
1976 62,436 6.12 3,821
1977 62,073 6.37 3,954
1978 61,116 6.97 4,260
1979 60,522 7.26 4,394
1980 58,278 7.26 4,231
1981 57,090 7.26 4,145
1982 56,133 7.26 4,075
1983 52,833 7.26 3,836

aFrom Table 271 where the number of four-year college freshmen is 33 per cent of
the number of high school graduates for that year; and freshmen enrollments are
then projected from projected high school enrollments.

b
Derived from Table 25,where four-year program freshmen and five-year program sopho-
mores are totaled over all schools of engineering.

c
Assumes an exact reversal of trend as a conservative estimate. It may be that
students will turn to engineering in large numbers sooner,since the job market for
engineers is holding up even in the present (1974-75) economic recession,
according to information received from the College Placement Council.

dThe result of multiplying the projected ratio of the previous column by the
projected four-year college freshmen enrollment.
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Table 29

Final Projections of the Number and Retention of Engineering
Graduates to the Year 1987

Base
Year

Graduation
Year

Projected

Freshmen/
Sophomorea

Projected

Graduatesd

Projections of
Graduates Re-
tained in Pa.e

1970 1974 3,769b 2,362b 1,148
1971 1975 3,434 2,152 1,046
1972 1976 2,821 1,768 859
1973 1977 2,387c 1,496 727
19'4 1978 2,882 1,806 878
1975 1979 3.523 2,208 1,073
1976 1980 3,821 2,395 1,164
1977 1981 3,954 2,478 1,204
1978 1982 4,260 2,670 1,298
1979 1983 4,394 2,754 1,338
1980 1984 4,231 2,652 1,289
1981 1985 4,145 2,598 1,263
1982 1986 4,075 2,554 1,241
1983 1987 3,836 2,404 1,168

aProjections of the number of freshmen in engineering programs or, in the
case of five-year programs, of sophomores in engineering.

bUnderlined figures are from Table 25.

cFigures from this point down are from Table 28, in which projections of the
number of freshman/sophomore enrollments have been made based upon a supposed
reversal in engineering enrollments as a proportion of all four-year
college enrollments.

dFigures in this column are derived from the first column according to the rate
of 0.6268 from Table 25.

eBased upon a ratio of 0.486 derived from detailed data on engineers supplied
by William Toombs and derived by him from raw data used in preparing his
report entitled The Comm-Bacc Study: Postbaccalaureate Activities of Degree
Recipients from Pennsylvania Institutions 1971-72, Report No. 23, Center for
the Study of Higher Education, The Pennsylvania State University, August
1973. See Table 24 of this report for the computation of the ratio.



It should be noted, however, that the picture shown in Table 29 is
one of declining enrollment and of a decline in graduates through to 1987.
Table 29 is, therefore, consonant with as-yet-unpublished population pro-
jections (Tables 62 and 63) by the Bureau of Information Systems. They
suggest a peak enrollment for higher education in 1978, with the largest
high school graduating class becoming college freshmen in 1975. After 1980
the 18-21 year olds will decline in number. The data suggest that there
will be at least 24 per cent fewer people of college age (18-21) in 1990
than in 1975. This does not, of course, bode well for the supply of engi-
neers if demand continues to be high and if there is no marked increase in
the proportion entering engineering.

One factor that should ameliorate the situation somewhat is the
current increase in the number of women entering into engineering programs.
Unfortunately, data on sex and minority representation was not provided by
most of the institutions surveyed, so there is no precise estimate of the
impact of women. The male participation rate is fairly close to the ability
limit that successful science and engineering students must surpass. Women
have not reached that level yet. Currently, 12 per cent of Pennsylvania's
engineering students are women and 4 per cent are blacks.

One study suggests that only 2.5 per cent of the general population
possess the requisite abilities for careers in science and engineering. 12
Since the female has been statistically less likely than-the male to possess
the requisite mathematical, spatial visualization and verbal skills because of
culturally induced or genetic differences, obviously the participation rate
for women in engineering is not likely to equal that of men for some time, if
ever. Enrollment of talented, highly able females with high levels of moti-
vation has recently become a reality and represents an encouraging trend.
Certainly, increased participation by females and the anticipated decreased
demand for scientists may help ameliorate the anticipated sharp decline in
engineering graduates after'1983 (See Tables 62 and 63).

Projections by the Schools of Engineering

One item in the Association of Engineering Colleges survey31 asked about
projections of the number of degrees to be awarded through 1983 (See Table 30).
Unfortunately, not all participating institutions were willing or able to make
such projections and corrections had to be made to project the overall growth.
It was assumed that the nonreporting institutions would grow proportionately to
the projected overall growth of the reporting schools.

The deans of the engineering schools saw a sharp upturn in B.S. degrees
in 1977. However, the upturn in freshmen cited earlier suggests that this upturn
is more likely to occur in 1978.

Table 31 compares projections by the deans with those developed for
this study. As can be seen, the deans seem to be more optimistic about the
number graduated (B.S. degree) in the immediate future than the projections
developed by the author. The primary difference seems to be for the years 1976
to 1979, when the deans foresee a great many more B.S. degrees than the author's
historical data-based projections indicate.
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Table 31

A Comparison Between Projections Derived from Historical
Data and the Projections Made by the Schools of
Engineering in Response to a Survey Instrument

Projection .

Year
Data Based

Projectionsa
Survey Response
Projectionsb

Per Cent

Difference

1973-74 2,362 2,346 2.58
1974-75 2,152 2,181 5.01
1975-76 1,768 1,989 19.39
1976-77 1,496 2,177 32.42
1977-78 1,806 2,254 17.46
1978-79 2,208 2,392 9.83
1979-80 2,395 2,543 7.07
1980-81 2,478 2,602 0.85
1981-82 2,670 2,662 - 3.45
1982-83 2,754 2,721 - 0.33

TOTAL 22,089 23,867 7.45

a
From Table 29.

b
From Table 30.



A consideration of Table 30 led to a decision to not utilize the pro-
jections made by the schools themselves because the author's projections seem
more conservative with regard to the immediate future and possibly better tied
to actual data.

The Difficult Problem of Projecting Supply for the
Various Engineering Specialties

It seems reasonably to suppose that the number of baccalaureate
engineering graduates in the various specialties will vary markedly from year
to year depending on the anticipated or current demand perceived by the students
when they choose their engineering curriculum. This variability should make
projection of the supply of each type of engineer more difficult than the pro-
jection of the supply of engineers in general. Such proved to be the case with
the engineering degree survey31 data for Pennsylvania.

Baccalaureate Graduates by Degree Area

Table 32 summarizes the number of baccalaureate degrees awarded from
1964 to 1973 for each engineering degree field along with the percentage that
each type of degree represented out of all degrees awarded that year.

As Table 32 illustrates, the proportion of degrees awarded in any given
specialty varied considerably over the years with no consistent overall trend.

In light of this, it was necessary to assume that the projected rapid
increase in demand, relative to supply, would result in the number trained for
a given specialty rising to the largest value found during the period of 1964
to 1973.

The proportion that each maximum figure for 1964 to 1973 was of the
total of the maximums was then computed (Table 33) and listed beside the pro-
portions found for 1973. It was then assumed, arbitrarily, that the long-term
trend would be close to the mean of the two, i.e., the 1973 proportions and
the 1964-73 maximum figure proportions. The resulting mean values are to be
found in the last column of Table 33.

In Table 34 these mean value proportions are then used to project the
number of graduates in each degree area of specialization for the years 1974 to
1983. The projections themselves are arrived at by multiplying the mean value
proportions of Table 33 (last column): times the projected baccalaureate graduate
figures of Table 29.

The projections in Table 34 do not, however, take into account the
probable impact of the energy crisis upon the demand for mining engineers. The
University of Pittsburgh has indicated in the survey31 that it will reactivate
its program. Penn State has also indicated a marked increase in its production
of mining engineers. Table 34 figures for mining engineers have, therefore,
been appropriately increased in Table 35 and the other Table 35 figures roans:J.-.
cated to retain the same overall output figures shown in Table 34.
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Table 33

Estimate of the Proportion of Total Engineering Supply to be
Allocated to Each Specialty Area Based Upon an Average of the 1973

Proportions and the Proportion Obtained Using Historical Maximum Output Figuresa

Specialty
Area

1964-73
Maximum
Number

Number

in

1973

Maximum
1964-73

Proportions
1973

Proportions
Mean

Proportions

Aero-Astronautical 36b 36 1.31 1.52 1.41
Chemical 327 281 11.94 11.851 11.90c
Civil 437 437 15.96 18.43 17.20c
Electrical 803 654 29.32 27.58 28.45
Industrial 183 132 6.68 5.57 6.12
Mechanical 591 531 21.58 22.40 21.99
Metallurgical,

Ceramic & Materials 171 129 6.24 5.44 5.84
Mining 20 15 0.73 0.63 0.68
Petroleum 36 21 1.31 0.89 1.10
Others, n.e.c. 135 135 4.93 5.69 5.31

All Engineers 2,739 2,371 100.00 100.00 100.00

aNumerical data from Table 32.

bThe actual maximum figure is 109,but it has been arbitrarily assumed here that
the output will not return to this level because Piper Aircraft has relocated
in Florida and Sikorsky has not grown appreciably.

cArbitrarily rounded to larger numbers from 11.895 and 17.195 due to hypotheses
as to what would happen to aeronautical and industrial growth in contrast.
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The figures in Table 35, then, represent the, total projected output of

baccalaureate engineers in each specialty. As sham by Toombs, 57
not all of these

B.S. degree recipients will remain in the state. In light of this, the retention
rates of Table 24 are again used in Table 36 to obtain a projection of the number
likely to be retained in the state, i.e., the actual supply from Pennsylvania's
schools of engineering. The figures in Table 36 will be used later in making
projections of need.

The Problem of In-migration

No data on in-migration by occupational category exists for Pennsylvania.
To estimate the effect of in-migration one must assume that the rate of in-migra-
tion in the future will be the same as for 1971. One must assume that there was
no shortage of engineers in 1971.

These assumptions allow the calcu'ation of in-migration as a residual
where in-migration is equal to demand minus available retained supply from
Pennsylvania schools of engineering. The ratio of this residual to the out-
migration figure of 1971 was computed for each specialty area. These ratios
were then used to project in-migration by applying them to the out-migration
projections arrived at earlier in this repo/Lt,

PENNSYLVANIA'S UNMET NEEDS

Comput,,Jng the need for engitneers, including the need in each specialty
area, now means combining the projections of demand computed earlier and the
projections of supply. It will also be necessary to compute year-by-year pro-
jections of in-migration by the residual method described earlier.

Although the energy crisis is real and will definitely require a

response, it may be instructive to consider first the projection of engineering
need where no response to the energy crisis is assumed. As noted earlier, such
projections assume reasonably normal economic growth, level of unemployment, etc.,
and may be off the mark during a recession such as the nation is now experiencing.

It has been reported, however, that the demand for engineers has held

up remarkably well and began to soften only in the spring of 1975.55 Current signs
of economic recovery suggest that this softening will be short-lived.

Nonenergy Crisis Unmet Need

Tables 37 through 47 consist of projections from 1975 to 1983 for each
field of engineering. The "other, n.e.c." figures are residual, rather than
being composed 9f the figures from preceding tables, since the figure for all
engineers, minus the total of all the specific categories of engineer, yields
a more accurate estimate of the "other, n.e.c." engineers needed.

80
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Energy Crisis Unmet Need

Tables 48 through 58 similarly consist of projections from 1975 to
1983 but they are made on an assumption that a major response to the energy
crisis will begin in 1976 and that the response will create a sharp upturn in
demand and in the need for engineers. As before, the "other, n.e.c." category
is a residual of the figures for all engineers minus the total of the specific
categories of engineer.

A Summary of the Unmet Need Findings

Table 59 summarizes, by projection year and category of engineer, the
unmet need estimates that were made with no assumption of a response to the
energy crisis. Table 60 summarizes in a similar fashion the unmet needs foreseen
under the assumption of a major response to the energy crisis in 1976.

Table 61 compares the two sets of projections (energy crisis versus
nonenergy crisis) using total unmet need estimates for 1975-1983. The energy
crisis'is seen as producing an overall 185.8 per cent increase in the unmet need
for engineers in general, with particularly dramatic effects in the case of
mining engineering (3,550 per cent), electrical-electronic engineering (283.7
per cent), mechanical engineering (277.8 per cent), civil engineering (213.4
per cent), and engineers, other, n.e.c. (188.8 per cent).

IMPLICATIONS FOR SCHOOLS OF ENGINEERING

The overall findings suggest an immediate, short-term, acute shortage
of engineers followed by an amelioration of the shortage at about 1983 (energy
crisis assumption). However, the long-term implications of Table 29 and of as-
yet-unpublished population growth projections by the Bureau of Information
Systems suggest a continued--and yet possibly increasing--unmet need foT engi-
neers well beyond 1983 unless something drastic happens to reduce the antic-
ipated long-term growth of the economy. The solution seems to be the increased
recruitment of more women and ethnic minorities as well as those males pos-
essing the required aptitudes for engineering. The bureau's projected drop
in college-age population (unpublished) is so great that even such recruitments
may not suffice. (See Tables 62 and 63.)

Since only a fraction of the population possesses the aptitudes
needed to sucessfully complete the engineering or scientific curricula, any
attempt to recruit a larger proportion of the population (open admission, etc.)
in order to compensate for falling enrollments is not likely to result in a
marked increase in engineering degree output. Those with the requisite engi-
neering and scientific aptitudes do not tend to be marginal aptitude students
and are unlikely to be recruited under a program of open admissions.

More to the point will be continued efforts to recruit talented
women and minority group individuals who have requisite aptitudes but who, in
the past, would not have considered engineering as a major.

683



4
8

P
r
o
j
e
c
t
i
o
n
s
 
o
f
 
P
e
n
n
s
y
l
v
a
n
i
a
 
D
e
m
a
n
d
,
 
S
u
p
p
l
y
a
n
d
 
U
n
m
e
t
 
N
e
e
d
 
f
o
r
 
A
l
l
 
B
a
c
c
a
l
a
u
r
e
a
t
e
 
D
e
g
r
e
e

H
o
l
d
i
n
g
 
E
n
g
i
n
e
e
r
s
 
f
r
o
m
 
1
9
7
5
 
t
o
 
1
9
8
3
 
A
s
s
u
m
i
n
g

a
 
R
e
s
p
o
n
s
e
 
t
o
 
t
h
e
 
E
n
e
r
g
y
 
C
r
i
s
i
s
 
a
s
 
o
f
 
1
9
7
6

Y
e
a
r

N
u
m
b
e
r
'
)

G
r
o
w
t
h

D
e
m
a
n
d
 
c

S
e
p
a
r
a
t
i
o
n
s

D
e
m
a
n
d
 
d

O
u
t
-

M
i
g
r
a
t
i
o
n

D
e
m
a
n
d
'

T
o
t
a
l

D
e
m
a
n
d

B
.
S
.
D
e
g
r
e
e

G
r
a
d
u
a
t
e
s
 
f

R
e
t
a
i
n
e
d

B
.
S
.
D
e
g
r
e
e

G
r
a
d
u
a
t
e
s
 
g

I
n
-

M
i
g
r
a
t
i
o
n

S
u
p
p
l
y
 
h

T
o
t
a
l

S
u
p
p
l
y

U
n
m
e
t

N
e
e
d

1
9
7
1
a

4
5
,
8
0
3

6
2
7

7
3
4

2
,
2
0
3

3
,
5
6
4

2
,
4
8
2

1
,
2
0
5

2
,
3
5
9

3
,
5
6
4

2
r
o
i
e
c
t
i
o
n
s

1
q
7
5

4
3
,
4
2
6

'
7
4

7
7
5

)
_
3
1
q

,
.
.

3
,
7
7
8

2
,
1
5
2

1
,
0
4
6

2
,
4
9
4

3
,
5
4
0

2
3
8

P
o
7
6

4
9
,
6
8
7

1
,
2
6
1

7
8
6

2
,
3
9
0

4
,
4
3
7

1
,
7
6
8

8
5
9

2
,
5
6
0

3
,
4
1
9

1
,
0
1
8

1
1
7
7

-
,
9
8
7

1
2
;
0
0

7
9
7

?
,
4
5
2

4
,
5
4
9

1
,
4
9
6

7
2
7

2
,
6
2
6

3
,
3
5
3

1
,
1
9
6

1
9
7
8

5
2
,
3
2
6

1
,
3
3
9

8
0
9

2
,
5
1
7

4
,
6
6
5

1
,
8
0
6

8
7
8

2
,
6
9
6

3
,
5
7
4

1
,
0
9
1

1
9
7
9

1
3
,
7
0
7

1
,
j
3
1

8
2
0

2
,
5
8
3

4
,
7
8
4

2
,
2
0
8

1
,
0
7
3

2
,
7
6
6

3
,
8
3
9

9
4
5

1
9
8
0

i
5
,
1
2
7

1
,
4
2
0

3
3
2

2
,
6
5
2

4
,
9
0
4

2
,
3
9
5

1
,
1
6
4

2
,
8
4
0

4
,
0
0
4

9
0
0

1
-
1
1

i
6
,
;
,
-
'
1

1
,
4
6
'
4

8
4
4

2
,
7
1
2

5
,
0
3
0

2
,
4
7
8

1
,
2
0
4

2
,
9
1
5

4
;
1
1
9

9
1
1

I
c
.
o
-

i
'
i
,
I
'
L

1
,
'
I
l
u

8
5
7

/
2
7
c
r
,

-
5
,
1
6
2

7
,
6
7
0

1
,
2
9
8

2
,
9
9
3

4
,
2
9
1

8
7
1

H
8
3

7
9
,
6
5
6

1
0
5
i

8
6
9

2
,
8
6
9

5
,
2
9
3

2
,
7
5
4

1
,
3
3
8

3
,
0
7
3

4
,
4
1
1

8
8
2

t
d
i
T
0
,
,
1

4
0
1
:
9
-
-
,
-
8
3

1
 
1
,
 
9
4
1
4

7
,
3
8
9

2
3
,
3
0
9

4
2
,
6
0
-
'

1
9
,
7
2
7

9
,
5
8
7

2
4
,
9
6
3

3
4
,
5
5
0

8
,
0
5
2

7
1

I
-
 
-
 
o
d
 
z
s
 
a
 
N
a
s
e
 
y
e
a
r

c
a
t
 
r
e
t
,
-
o
c
i
o
n
 
o
f
 
,
,
,
r
d
u
a
c
e
s
 
a
n
d
 
i
v
-
m
i
g
n
i
t
i
o
n

c
a
n
 
b
e
 
c
o
m
p
u
t
e
d
 
o
n
 
a
 
c
o
m
p
a
r
a
b
l
e
 
b
a
s
i
s
.

h
2
u
.

1
'
 
h
 
1

2
1
.

S
-
-

c
 
1

1
_
;
.

A
s
s
:
I
s
 
s
a
m
e
 
s
e
p
a
r
a
t
i
o
n
 
r
a
t
e
 
a
s
 
f
o
r

n
o
n
e
n
e
r
g
y
 
c
r
i
s
i
s
 
p
r
o
j
e
c
t
i
o
n
s
.

C
r
i
s
i
s
-
i
n
d
u
c
e
d
 
g
r
o
w
t
h
 
i
s
 
s
e
e
n
 
a
s

l
a
r
g
e
l
y
 
d
u
e
 
t
o
 
7
o
9
n
g
 
g
r
a
d
u
a
t
e
s
 
w
h
o

a
r
e
 
n
o
t
 
l
i
k
e
l
y
 
t
o
 
d
i
e
 
o
r
 
r
e
t
i
r
e
.

`
'
s
e
e e

3
5
.

J
o
.

%
e
r
e
 
t
h
a
t
 
P
e
n
n
s
y
l
v
a
n
i
a
 
w
a
s
 
a
b
l
e
 
t
o
 
a
t
t
r
a
c
t
 
(
i
n
-
m
i
g
r
a
t
e
)
 
a
l
l
 
w
h
o
w
e
r
e
 
n
e
e
d
e
d
 
i
n
 
1
9
7
1
 
t
o
 
m
e
e
t

b
e
v
:
e
e
n
 
d
e
r
a
n
d
 
a
n
d
 
r
e
t
a
i
n
e
d
 
B
.
S
.
 
d
e
g
r
e
e

g
r
a
d
u
a
t
e
s
 
a
n
d
 
t
h
a
t
 
t
h
e
 
f
u
t
u
r
e
 
e
s
t
i
m
a
t
e
s
 
o
f

i
n
-
m
i
g
r
a
t
i
o
n
 
w
o
u
l
d

n
a
v
e
 
t
h
e
 
s
a
r
w
 
r
e
l
a
t
i
o
n
s
h
i
^
 
t
o
 
o
u
t
-
m
i
g
r
a
t
i
o
n
 
i
n
 
'
,
&
,
7
1
2

i
.
e
.
,
 
t
h
a
t
 
P
e
n
n
s
y
l
v
a
n
i
a
 
w
o
u
l
d
 
b
e
 
a
s
 
s
u
c
c
e
s
s
f
u
l
 
i
n
 
a
t
t
r
a
c
t
i
n
g

,
n
.
:
I
n
e
e
r
s
 
i
n
 
t
h
e
 
f
u
t
u
r
e
.



P
r
o
i
e
,
t
i
o
n
s

0
1
 
P
n
n
s
v
I
v
a
n
i
a
 
D
e
m
a
n
d
,
 
S
u
p
p
h
,
 
a
n
d
 
U
n
m
e
t

'
1
9

N
e
e
d
 
f
o
r
 
B
a
c
c
a
l
a
u
r
e
a
t
e
 
D
e
g
r
e
e
 
H
o
l
d
i
n
g
 
E
n
g
i
n
e
e
r
s

!
n

E
n
g
i
n
e
e
r
i
m
.

f
r
o
m
 
1
9
%

t
,

1
9
2
3
 
A
s
s
u
m
i
n
g

a
 
R
e
s
p
o
n
s
e

t
o
 
t
h
_

C
1
o
r
r
7
y
 
C
r
i
s
i
s
 
a
s
 
o
f
 
1
9
7
6

o
u
t
-

R
e
t
a
i
n
e
d

I
n
-

G
r
o
w
t
h

S
e
p
a
r
a
t
i
o
n
s

M
i
g
r
a
t
i
o
n

T
o
t
a
l

B
.
S
.
D
e
g
r
e
e

B
.
S
.
D
e
g
r
e
e

:
1
1
g
r
a
t
i
o
n

T
o
t
a
l

U
n
m
e
t

Y
e
a
r

N
u
m
b
e
r
b

D
e
m
a
n
d
s

D
e
m
a
n
d
d

D
e
m
a
n
d
e

D
e
m
a
n
d

G
r
a
d
u
a
t
e
s
f

G
r
a
d
u
a
t
e
s
g

S
u
p
p
l
y
h

S
u
p
p
l
y

N
e
e
d

1
9
7
1
a

1
,
0
2
4

1
9

1
0

5
9

8
1

9
7

4
2

3
9

8
1

P
r
o
j
e
c
t
i
o
n
s

1
9
7
5

1
,
1
0
1

2
0

1
1

5
6

8
7

3
0

1
3

4
2

5
5

3
2

1
9
7
6

1
,
1
2
1

2
0

1
1

i
/

8
6

2
5

1
1

4
3

5
4

3
4

1
9
'
7
7

1
.
1
4
2

2
1

1
1

5
8

9
k
,

2
1

9
4
3

5
2

3
8

1
9
7
=
,

1
,
1
6
3

2
1

1
1

5
9

9
1

2
5

1
1

4
4

5
5

3
6
'

1
9
7
9

1
,
1
8
4

2
1

1
2

6
0

9
3

3
1

1
3

4
5

5
8

3
5

1
,
;
:
,
 
-
 
1
,
2
0
.
)

2
1

1
2

6
1

9
5

3
4

1
5

4
6

6
1

3
4

1
9
8
1

1
,
2
2
8

2
2

1
2

t
O

9
6

3
5

1
5

4
7

6
2

3
4

1
9
8
2

1
,
2
5
1

2
3

1
2

6
3

9
8

3
8

1
6

4
7

6
3

3
5

l
a

1
9
8
3

1
,
2
7
4

2
3

1
3

6
5

1
0
1

3
9

1
7

4
9

6
6

3
5

W
Z

T
o
t
a
l

1
9
7
5
-
8
3

1
9
2

1
0
5

5
4
1

8
3
9

2
7
8

1
2
0

4
0
6

5
2
6

3
1
9

r
1
,
,
e
d
 
a
s
 
a
 
b
a
s
e
 
y
e
a
r
 
s
o
 
t
h
a
t
 
r
e
t
e
n
t
i
o
n
 
o
f
 
g
r
a
d
u
a
t
e
s
 
a
n
d
 
i
n
-
m
i
g
r
a
t
i
o
n
 
c
a
n
 
b
e
 
c
o
m
p
u
t
e
d
 
o
n
 
a
 
c
o
m
p
a
r
a
b
l
e
 
b
a
s
i
s
'
.

S
e

2
0
.

c
t
i
e
e
 
'
a
b
l
e
 
2
1
.

s
u
,
 
i
a
t
i
e
 
1
3

.
\
s
s
u
m
e
s
 
s
a
m
e
 
s
e
p
a
r
a
t
i
o
n
 
r
a
t
e
 
a
s
 
f
o
r
 
n
o
n
e
n
e
r
g
y
 
c
r
i
s
i
s
 
p
r
o
j
e
c
t
i
o
n
s
.

C
r
i
s
i
s
 
i
n
d
u
c
e
d
 
g
r
o
w
t
h
 
i
s
 
s
e
e
n
 
a
s

4
r
.
;
e
:

t
'
A
n
,
 
g
r
a
d
u
a
t
e
s
 
w
h
o
 
a
r
e
 
n
o
t
 
l
i
k
e
l
y
 
t
o
 
d
i
e
 
o
r
 
r
e
t
i
r
e
.

i
a
l
e
 
2
2
.

f
S
e
e
 
T
a
b
l
e
 
3
5
.

^
S
e
e
 
T
a
b
l
e
 
3
6
.

a
s
z
,
u
m
p
t
i
o
n
 
i
s
 
m
a
d
e
 
h
e
r
e
 
t
h
a
t
 
P
e
n
n
s
y
l
v
a
n
i
a
 
w
a
s
 
a
b
l
e
 
t
o
 
a
t
t
r
a
c
t
 
(
i
n
-
m
i
g
r
a
t
e
)
 
a
l
l
 
w
h
o
 
w
e
r
e
 
n
e
e
d
e
d
 
i
n
 
1
9
7
1
 
t
o
 
m
e
e
t
 
t
h
e

,
1
1
,
c
r
,
,
,
p
a
n
c
y
 
b
e
t
w
e
e
n
 
d
e
m
a
n
d
 
a
n
d
 
r
e
t
a
i
m
l
.
d
 
B
.
S
.
 
d
e
g
r
e
e
 
g
r
a
d
u
a
t
e
s
 
a
n
d
 
t
h
a
t
 
t
h
e
 
f
u
t
u
r
e
 
e
s
t
i
m
a
t
e
s
 
o
f
 
i
n
-
m
i
g
r
a
t
i
o
n
 
w
o
u
l
d

h
a
v
e
 
t
h
e
 
s
a
m
e
 
r
t
l
a
t
i
o
n
s
h
i
p
 
t
o
 
o
u
t
-
m
i
g
r
a
t
i
o
n
 
i
n
 
1
9
7
1
,
 
i
.
e
.
,
 
t
h
a
t
 
P
e
n
n
s
y
l
v
a
n
i
a
 
w
o
u
l
d
 
b
e
 
a
s
 
s
u
c
c
e
s
s
f
u
l
 
i
n
 
a
t
t
r
a
c
t
i
n
g

o
n
g
i
n
e
e
r
,
 
i
n
 
t
h
e
 
f
u
t
u
r
e
.



T
a
b
l
e
 
5
0

P
r
o
j
e
c
t
i
o
n
s
 
o
f
 
P
e
n
n
s
y
l
v
a
n
i
a
D
e
m
a
n
d
,
 
S
u
p
p
l
y
 
a
n
d
 
U
n
m
e
t
 
N
e
e
d

f
o
r
 
B
a
c
c
a
l
a
u
r
e
a
t
e
D
e
g
r
e
e
 
H
o
l
d
i
n
g

E
n
g
i
n
e
e
r
s
 
i
n
 
C
h
e
m
i
c
a
l

E
n
g
i
n
e
e
r
i
n
g
 
f
r
o
m
 
1
9
7
5
 
t
o
 
1
9
8
3
A
s
s
u
m
i
n
g
 
a
 
R
e
s
p
o
n
s
e
 
t
o
 
t
h
e

E
n
e
r
g
y
 
C
r
i
s
i
s
 
a
s
 
o
f
 
1
9
7
6

G
r
o
w
t
h

Y
e
a
r

N
u
m
b
e
r
b

D
e
m
a
n
d
c

S
e
p
a
r
a
t
i
o
n
s

D
e
m
a
n
d
d

O
u
t
-

M
i
g
r
a
t
i
o
n

D
e
m
a
n
d
e

T
o
t
a
l

D
e
m
a
n
d

B
.
S
.
D
e
g
r
e
e

G
r
a
d
u
a
t
e
s
f

R
e
t
a
i
n
e
d

B
.
S
.
D
e
g
r
e
e

G
r
a
d
u
a
t
e
s
g

I
n
-

M
i
g
r
a
t
i
o
n

S
u
p
p
l
y
h

T
o
t
a
l

S
u
p
p
l
y

U
n
m
e
t

N
e
e
d

1
9
7
1
e

-
3
,
3
1
6

-
1
4

_
4
6

2
3
6

2
6
8

3
1
4

1
5
1

1
1
7

2
6
8

P
r
o
j
e
c
t
i
o
n
s

1
9
7
5

3
,
2
6
1

-
1
4

4
5

2
3
2

2
6
3

2
5
6

1
2
1

1
1
5

2
3
6

2
7

1
9
7
6

3
,
2
7
9

1
8

4
5

2
3
3

2
9
6

2
1
0

9
9

1
1
6

2
1
5

8
1

1
9
7
7

3
,
2
9
7

1
8

4
5

2
3
5

2
9
8

1
7
6

8
3

1
1
7

2
0
0

9
8

1
9
7
8

3
,
3
1
5

1
8

4
4

2
3
6

2
9
8

2
1
3

1
0
2

1
1
7

2
1
9

7
9

.
,
1
1
9
7
9

3
,
3
3
4

1
9

4
4

2
3
7

3
0
0

2
6
0

1
2
4

1
1
8

2
4
2

5
8

t
5
:
1
9
8
0

3
,
3
5
2

1
8

4
4

2
3
9

3
0
1

2
8
2

1
3
5

1
1
8

2
5
3

4
8

c
a
 
1
9
8
1

3
,
3
7
0

1
8

4
4

2
4
0

3
0
2

2
9
2

1
4
0

1
1
9

2
5
9

4
3

1
9
8
2

3
,
3
8
9

1
9

4
4

2
4
1

3
0
4

3
1
5

1
5
0

1
1
9

2
6
9

3
5

1
9
8
3

3
,
4
0
8

1
9

4
3

2
4
3

3
0
5

3
2
5

1
5
5

1
2
0

2
7
5

3
0

T
o
t
a
l

1
9
7
5
-
8
3

1
3
3

3
9
8

2
,
1
3
6

2
,
6
6
7

2
,
3
2
9

1
,
1
0
9

1
,
0
5
9

2
,
1
6
8

4
9
9

ry

a
1
9
7
1
 
i
s
 
u
s
e
d
 
a
s
 
a
 
b
a
s
e

y
e
a
r
 
s
o
 
t
h
a
t
 
r
e
t
e
n
t
i
o
n
 
o
f
 
g
r
a
d
u
a
t
e
s
 
a
n
d

i
n
-
m
i
g
r
a
t
i
o
n
 
c
a
n
 
b
e
 
c
o
m
p
u
t
e
d
 
o
n

a
 
c
o
m
p
a
r
a
b
l
e
 
b
a
s
i
s
.

b
S
e
e
 
T
a
b
l
e
 
2
0
.

c
S
e
e
 
T
a
b
l
e
 
2
1
.

d
S
e
e
 
T
a
b
l
e
 
1
3

.
A
s
s
u
m
e
s
 
s
a
m
e
 
s
e
p
a
r
a
t
i
o
n
 
r
a
t
e

a
s
 
f
o
r
 
n
o
n
e
n
e
r
g
y
 
c
r
i
s
i
s

p
r
o
j
e
c
t
i
o
n
s
.

C
r
i
s
i
s
 
i
n
d
u
c
e
d
 
g
r
o
w
t
h
 
i
s

s
e
e
n
 
a
s

l
a
r
g
e
l
y
 
d
u
e
 
t
o
_
y
o
u
n
g
 
g
r
a
d
u
a
t
e
 
w
h
o
a
r
e
.
n
o
t
 
l
i
k
e
l
y
 
t
o
 
d
i
e
 
o
r
 
r
e
t
i
r
e
.

e
S
e
e
 
T
a
b
l
e
 
2
2
.

f
S
e
e
 
T
a
b
l
e
 
3
5
.

g
S
e
e
 
T
a
b
l
e
 
3
6
.

h
T
h
e
 
a
s
s
u
m
p
t
i
o
n
 
i
s

m
a
d
e
 
h
e
r
e
 
t
h
a
t
 
P
e
n
n
s
y
l
v
a
n
i
a
 
w
a
s
 
a
b
l
e

t
o
-
a
t
t
r
a
c
t
 
(
i
n
-
m
i
g
r
a
t
e
)
 
a
l
l
 
w
h
o
w
e
r
e
 
n
e
e
d
e
d
 
i
n
 
1
9
7
1
 
t
o
 
m
e
e
t
 
t
h
e

d
i
s
c
r
e
p
a
n
c
y
 
b
e
t
w
e
e
n
 
d
e
m
a
n
d
 
a
n
d
 
r
e
t
a
i
n
e
d

B
.
S
.
 
d
e
g
r
e
e
 
g
r
a
d
u
a
t
e
s
 
a
n
d

t
h
a
t
 
t
h
e
 
f
u
t
u
r
e
 
e
s
t
i
m
a
t
e
s
 
o
f

i
n
-
 
m
i
g
r
a
t
i
o
n
 
w
o
u
l
d

h
a
v
e
 
t
h
e
 
s
a
m
e

r
e
l
a
t
i
o
n
s
h
i
p
 
t
o
 
o
u
t
-
m
i
g
r
a
t
i
o
n
 
i
n
 
1
9
7
1
,
 
i
.
e
.
,
 
t
h
a
t
P
e
n
n
s
y
l
v
a
n
i
a
 
w
o
u
l
a
 
b
e
 
a
s
 
s
u
c
c
e
s
s
f
u
l

i
n
 
a
t
t
r
a
c
t
i
n
g

e
n
g
i
n
e
e
r
s
 
i
n
 
t
h
e
 
f
u
t
u
r
e
.

-
4



T
a
b
l
e
 
5
1

P
r
o
j
e
c
t
i
o
n
s
 
o
f
 
P
e
n
n
s
y
l
v
a
n
i
a
 
D
e
m
a
n
d
,

S
u
p
p
l
y
 
a
n
d
 
U
n
m
e
t
 
N
e
e
d
 
f
o
r

B
a
c
c
a
l
a
u
r
e
a
t
e
 
D
e
g
r
e
e
 
H
o
l
d
i
n
g

E
n
g
i
n
e
e
r
s

i
n
 
C
i
v
i
l
 
E
n
g
i
n
e
e
r
i
n
g
 
f
r
o
m
 
1
9
7
5

t
o
 
1
9
8
3
 
A
s
s
u
m
i
n
g
 
a
 
R
e
s
p
o
n
s
e

t
o
 
t
h
e
 
E
n
e
r
g
y
 
C
r
i
s
i
s
 
a
s
 
o
f
 
1
9
7
6

G
r
o
w
t
h

S
e
p
a
r
a
t
i
o
n
s

Y
e
a
r

N
u
m
b
e
r
b
'

D
e
m
a
n
d
c

D
e
m
a
n
d
d

O
u
t
 
-

M
i
g
r
a
t
i
o
n

D
e
m
a
n
d
e

T
o
t
a
l

B
.
S
.
D
e
g
r
e
e

D
e
m
a
n
d

G
r
a
d
u
a
t
e
s
f

R
e
t
a
i
n
e
d

B
.
S
.
D
e
g
r
e
e

G
r
a
d
u
a
t
e
s
g

I
n
-

M
i
g
r
a
t
i
o
n

T
o
t
a
l

U
n
m
e
t

S
u
p
p
l
y
h

S
u
p
p
l
y

N
e
e
d

1
9
7
1
a

5
,
6
6
8

9
5

1
2
0

1
9
7

4
1
2

3
4
6

1
4
1

2
7
1

4
1
2

P
r
o
j
e
c
t
i
o
n
s

1
9
7
5

6
,
0
6
4

1
0
2

1
2
9

2
1
0

4
4
1

3
7
0

1
4
9

2
8
9

4
3
8

3
1
9
7
6

6
,
2
0
4

1
4
0

1
3
1

2
1
5

4
8
6

3
0
4

1
2
2

2
9
6

4
1
8

6
8

1
9
7
7

6
,
3
4
7

1
4
3

1
3
3

2
2
0

4
9
6

2
5
4

1
0
2

3
0
3

4
0
5

9
1

1
9
7
8

6
,
4
9
3

1
4
6

1
3
5

2
2
5

5
0
6

3
0
8

1
2
4

3
0
9

4
3
3

7
3

1
9
7
9

6
,
6
4
3

1
5
0

1
3
7

2
3
0

5
1
7

3
7
6

1
5
1

3
1
6

4
6
7

5
0

1
9
8
0

6
,
7
9
6

1
5
3

1
4
0

2
3
6

5
2
9

4
0
8

1
6
4

3
2
5

4
8
9

4
0

1
9
8
1

6
,
9
5
3

1
5
7

1
4
2

2
4
1

5
4
0

4
2
2

1
7
0

3
3
1

5
0
1

3
9

1
9
8
2

7
,
1
1
3

1
6
0

1
4
5

2
4
7

5
5
2

4
5
5

1
8
3

3
4
0

5
2
3

2
9

1
9
8
3

7
,
2
7
7

1
6
4

1
4
7

2
5
2

5
6
3

4
7
0
.

'
1
8
9

3
4
7

5
3
6

2
7

-
1
9 e:
,
T
o
t
a
l

1
9
7
5
-
8
3

1
,
3
1
5

1
,
2
3
9

2
,
0
7
6

4
,
6
3
0

3
0
6
7

1
,
3
5
4

2
,
.
8
5
6

.
4
,
2
1
0

4
2
0

a
1
9
7
1
 
i
s
 
u
s
e
d
 
a
s
 
a
 
b
a
s
e

y
e
a
r
 
s
o
 
t
h
a
t
 
r
e
t
e
n
t
i
o
n
 
o
f
 
g
r
a
d
u
a
t
e
s

a
n
d
 
i
n
-
m
i
g
r
a
t
i
o
n

c
a
n
 
b
e
 
c
o
m
p
u
t
e
d
 
o
n
 
a
 
c
o
m
p
a
r
a
b
l
e
 
b
a
s
i
s
.

b
S
e
e
 
T
a
b
l
e

2
0
.

c
S
e
e
 
T
a
b
l
e
 
2
1
.

d
S
e
e
-
T
a
b
l
e
 
1
3

.
A
s
s
u
m
e
s
 
s
a
m
e
 
s
e
p
a
r
a
t
i
o
n
 
r
a
t
e

a
s
 
f
o
r
 
n
o
n
e
n
e
r
g
y
 
c
r
i
s
i
s
 
p
r
o
j
e
c
t
i
o
n
s
.

C
r
i
s
i
s
-
i
n
d
u
c
e
d
 
g
r
o
w
t
h
 
i
s

s
e
e
n
 
a
s

l
a
r
g
e
l
y
 
d
u
e
 
t
o
 
y
o
u
n
g
 
g
r
a
d
u
a
t
e
s
,
 
w
h
o

a
r
e
 
n
o
t
 
l
i
k
e
l
y
 
t
o
 
d
i
e
 
o
r
 
r
e
t
i
r
e
.

e
S
e
e
 
T
a
b
l
e
 
2
2
.

f
S
e
e
 
T
a
b
l
e
 
3
5
.

g
S
e
e
 
T
a
b
l
e
 
3
6
.

h
T
h
e
 
a
s
s
u
m
p
t
i
o
n

i
s
 
m
a
d
e
 
h
e
r
e
 
t
h
a
t
 
P
e
n
n
s
y
l
v
a
n
i
a
w
a
s
 
a
b
l
e
 
t
o
 
a
t
t
r
a
c
t
 
(
i
n
-
m
i
g
r
a
t
e
)
 
a
l
l
 
w
h
o
w
e
r
e
 
n
e
e
d
e
d
 
i
n
 
1
9
7
1
 
t
o
 
m
e
e
t
 
t
h
e

d
i
s
c
r
e
p
a
n
c
y
 
b
e
t
w
e
e
n
 
d
e
m
a
n
d
 
a
n
d
 
r
e
t
a
i
n
e
d

B
.
S
.
 
d
e
g
r
e
e
 
g
r
a
d
u
a
t
e
s
 
a
n
d
 
t
h
a
t

t
h
e
 
f
u
t
u
r
e
 
e
s
t
i
m
a
t
e
s
 
o
f
 
i
n
-
m
i
g
r
a
t
i
o
n
w
o
u
l
d

h
a
v
e
 
t
h
e
 
e
-
E
a
m
e
 
r
e
l
a
t
i
o
n
s
h
i
p

t
o
 
o
u
t
-
m
i
g
r
a
t
i
o
n
 
i
n
 
1
9
7
1
,
 
i
.
e
.
,
 
t
h
a
t
 
P
e
n
n
s
y
l
v
a
n
i
a
w
o
u
l
d
 
b
e
 
a
s
 
s
u
c
c
e
s
s
f
u
l
 
i
n
 
a
t
t
r
a
c
t
i
n
g

e
n
g
i
n
e
e
r
s
 
i
n
 
t
h
e
 
f
u
t
u
r
e
.



.
i
.

T
a
b
l
e
 
5
2

P
r
o
j
e
c
t
i
o
n
s
 
o
f
 
P
e
n
n
s
y
l
v
a
n
i
a
 
D
e
m
a
n
d
,
 
S
u
p
p
l
y
 
a
n
d
 
U
n
m
e
t
 
N
e
e
d
 
f
o
r
 
B
a
c
c
a
l
a
u
r
e
a
t
e
 
D
e
g
r
e
e
 
H
o
l
d
i
n
g
 
E
n
g
i
n
e
e
r
s

i
n
 
E
l
e
c
t
r
i
c
a
l
-
E
l
e
c
t
r
o
n
i
c
 
E
n
g
i
n
e
e
r
i
n
g
 
f
r
o
m
 
1
9
7
5
 
t
o
 
1
9
8
3
 
A
s
s
u
m
i
n
g
 
a
 
R
e
s
p
o
n
s
e
 
t
o
 
t
h
e
 
E
n
e
r
g
y
 
C
r
i
s
i
s
 
a
s
 
o
f
 
1
9
7
6

Y
e
a
r

N
u
m
b
e
r
b

,

G
r
o
w
t
h

D
e
m
a
n
d
 
c

S
e
p
a
r
a
t
i
o
n
s

D
e
m
a
n
d
d

O
u
t
-

M
i
g
r
a
t
i
o
n

D
e
m
a
n
d
e

T
o
t
a
l

D
e
m
a
n
d

B
.
S
.
D
e
g
r
e
e

G
r
a
d
u
a
t
e
s
f

R
e
t
a
i
n
e
d

B
.
S
.
D
e
g
r
e
e

G
r
a
d
u
a
t
e
s
g

l
n
-

M
i
g
r
a
t
i
o
n

S
u
p
p
l
v
h

T
o
t
a
l
,

S
u
p
p
l
y

U
n
m
e
t

N
e
e
d

1
9
7
1
a

9
,
8
7
3

1
5
9

1
3
1

4
8
2

7
7
2

6
4
1

3
2
6

4
4
6

7
7
2

P
r
o
j
e
c
t
i
o
n
s

1
9
7
5

1
0
,
5
3
4

1
7
1

1
4
0

5
1
4

8
2
5

6
1
2

3
0
6

4
7
5

7
8
1

4
4

1
9
7
6

1
0
,
8
6
7

3
3
3

1
4
2

5
3
0

1
,
0
0
5

5
0
3

2
5
2

4
9
0

7
4
2

2
6
3

1
9
7
7

1
1
,
2
1
1

3
4
4

1
4
5

5
4
7

1
,
0
3
6

4
2
2

2
1
2

5
0
6

7
1
8

3
1
8

.
1
9
7
8

1
1
,
5
6
5

1
9
7
9

1
1
,
9
3
1

3
5
4

3
6
6

1
4
7

1
4
9

5
6
4

5
8
2

1
,
0
6
5

1
,
0
9
7

5
0
9

t
6
2
2

2
5
6

3
1
3

5
2
2

5
3
8

7
7
8

8
5
1

2
8
7

2
4
6

1
9
8
0

1
2
,
3
0
8

3
7
7

1
5
2

6
0
0

1
,
1
2
9

6
7
5

3
3
9

5
5
5

8
9
4

2
3
5

1
9
8
1

1
2
,
6
9
7

3
8
9

1
5
4

6
2
0

1
,
1
6
3

6
9
9

3
5
1

5
7
4

9
2
5

2
3
8

1
9
8
2

1
3
,
0
9
9

4
0
2

1
5
7

6
3
9

1
,
1
9
8

7
5
3

3
7
9

5
9
1

9
7
0

2
2
8

A
C
3

1
9
8
3

1
3
,
5
1
3

4
1
4

1
5
9

6
5
9

1
,
2
3
2

7
7
6

3
9
0

6
1
0
%
.

1
,
0
0
0

2
3
2

-
0
3

0
0

L
.
.
,

T
o
t
a
l

1
9
7
5
-
8
3

3
,
1
5
0

1
,
3
4
5

5
,
2
5
5

9
,
7
5
0

5
,
5
7
1

2
,
7
9
8

4
,
8
6
1

7
,
6
5
9

2
,
0
9
1

a
1
9
7
1
 
i
s
 
u
s
e
d
 
a
s
 
a
 
b
a
s
e
 
y
e
a
r
 
s
o
 
t
h
a
t
 
r
e
t
e
n
t
i
o
n
 
o
f
 
g
r
a
d
u
a
t
e
s
 
a
n
d
 
i
n
-
m
i
g
r
a
t
i
o
n
 
c
a
n
 
b
e
 
c
o
m
p
u
t
e
d
 
o
n
 
a
 
c
o
m
p
a
r
a
b
l
e
 
b
a
s
i
s
.

b
S
e
e
 
T
a
b
l
e
 
2
0
.

c
S
e
e
 
T
a
b
l
e
 
2
1
.

d
S
e
e
 
T
a
b
l
e
 
1
3
 
.

A
s
s
u
m
e
s
 
s
a
m
e
 
s
e
p
a
r
a
t
i
o
n
 
r
a
t
e
 
a
s
 
f
o
r
 
n
o
n
e
n
e
r
g
y
 
c
r
i
s
i
s
 
p
r
o
j
e
c
t
i
o
n
s
.

C
r
i
s
i
s
-
i
n
d
u
c
e
d
 
g
r
o
w
t
h
 
i
s
 
s
e
e
n
 
a
s

l
a
r
g
e
l
y
 
d
u
e
 
t
o
 
y
o
u
n
g
 
g
r
a
d
u
a
t
e
;
 
w
h
o
 
a
r
e
 
n
o
t
 
l
i
k
e
l
y
 
t
o
 
d
i
e
 
o
r
 
r
e
t
i
r
e
.

,

e
S
e
e
 
T
a
b
l
e
 
2
2
.

f
S
e
e
 
T
a
b
l
e
 
3
5
.

g
S
e
e
 
T
a
b
l
e
 
3
6
.

h
T
h
e
 
a
s
s
u
m
p
t
i
o
n
 
i
s
 
m
a
d
e
 
h
e
r
e
 
t
h
a
t
 
P
e
n
n
s
y
l
v
a
n
i
a
 
w
a
s
 
a
b
l
e
 
t
o
 
a
t
t
r
a
c
t
 
(
i
n
-
m
i
g
r
a
t
e
)
 
a
l
l
 
w
h
o
 
w
e
r
e
 
n
e
e
d
e
d
 
i
n
 
1
9
7
1
 
t
o
 
m
e
e
t
 
t
h
e

c
i
i
s
c
r
e
p
a
n
c
y
 
b
e
t
w
e
e
n
 
d
e
m
a
n
d
 
a
n
d
 
r
e
t
a
i
n
e
d
 
B
.
S
.
 
d
e
g
r
e
e
 
g
r
a
d
u
a
t
e
s
 
a
n
d
 
t
h
a
t
 
t
h
e
 
f
u
t
u
r
e
 
e
s
t
i
m
a
t
e
s
 
o
f
 
i
n
-
m
i
g
r
a
t
i
o
n
 
w
o
u
l
d

h
a
v
e
 
t
h
e
 
s
a
m
e
 
r
e
l
a
t
i
o
n
s
h
i
p
 
t
o
 
o
u
t
 
-
 
m
i
g
r
a
t
i
o
n
 
i
n
 
1
9
7
1
,
 
i
.
e
.
,
 
t
h
a
t
 
P
e
n
n
s
y
l
v
a
n
i
a
 
w
o
u
l
d
 
b
e
 
a
s
 
s
u
c
c
e
s
s
f
u
l
 
i
n
 
a
t
t
r
a
c
t
i
n
g

e
n
g
i
n
e
e
r
s
 
i
n
 
t
h
e
 
f
u
t
u
r
e
.



T
a
b
l
e
 
5
3

P
r
o
j
e
c
t
i
o
n
s
 
o
f
 
P
e
n
n
s
y
l
v
a
n
i
a
 
D
e
m
a
a
d
,
 
S
u
p
p
l
:
,
 
a
n
d
 
B
u
r
n
e
t
 
N
e
e
d
 
f
o
r
 
B
a
c
c
a
l
a
u
r
e
a
t
e
 
D
e
g
r
e
e
 
B
o
l
d
i
n
g
 
E
n
g
i
n
e
e
r
s
 
i
n

I
n
d
u
s
t
r
i
a
l
 
E
n
g
i
n
e
e
r
i
n
g
 
f
r
o
m
 
1
9
7
5
 
t
o
 
1
9
8
3
 
A
s
s
u
m
i
n
g
 
a
 
R
e
s
p
o
n
s
e
 
t
o
 
t
h
e
 
E
n
e
r
g
y
 
C
r
i
s
i
s
 
a
s
 
o
f
 
1
9
7
6

O
u
t
-

R
e
t
a
i
n
e
d

I
n
-

G
r
o
w
t
h

S
e
p
a
r
a
t
i
o
n
s

M
i
g
r
a
t
i
o
n

T
o
t
a
l

B
.
S
.
D
e
g
r
e
e

B
.
S
.
D
e
g
r
e
e

M
i
g
r
a
t
i
o
n

T
o
t
a
l

U
n
m
e
t

Y
e
a
r

N
u
m
b
e
r
b

D
e
m
a
n
d

D
e
m
a
n
d

d
D
e
m
a
n
d
e

D
e
m
a
n
d

G
r
a
d
u
a
t
e
s

f
G
r
a
d
u
a
t
e
s
 
g

S
u
p
p
l
y
 
h

S
u
p
p
l
y

N
e
e
d

1
9
7
1
4

6
,
4
8
6

1
2
8

9
7

:
3
1
4

5
3
9

1
6
2

8
7

4
5
2

5
3
9

P
r
o
t
e
c
t
i
o
n
s

1
9
7
5

7
,
0
2
2

1
3
8

1
0
5

3
4
0

5
8
3

1
3
2

7
0

4
8
9

5
5
9
.

2
4

1
9
7
6

7
,
1
7
3

1
5
1

1
0
7

3
4
7

6
0
5

1
0
8

5
7

4
9
9

5
5
6

4
9

1
9
7
7

7
,
3
2
7

1
5
4

1
0
9

3
5
5

6
1
8

9
1

4
9

5
1
1

5
6
0

5
8

1
9
7
8

7
,
4
8
5

1
5
8

1
1
1

3
6
2

6
3
1

1
1
0

5
8

5
2
1

5
7
9

5
2

1
9
7
9

7
,
6
4
6

1
6
1

1
1
3

3
;
0

6
4
4
,

1
3
4

7
1

5
3
2

6
0
3

4
1

1
9
8
0

7
,
8
1
0

1
6
4

1
1
6

3
7
8

6
5
8

'
1
4
6

7
8

5
4
4

6
2
2

3
6

1
9
8
1

7
,
9
7
8

1
6
8

1
1
8

3
8
6

6
7
2

1
5
0

8
0

5
5
6

6
3
6

3
F
,

1
9
8
2

8
,
1
4
9

.
1
7
1

1
2
0

3
9
4

6
8
5

1
6
1

8
6

5
6
7

6
5
3

3
2

1
9
8
3

8
,
3
2
5

1
7
6

1
2
3

4
0
3

7
0
2

1
6
6

8
9

5
8
0

6
6
9

3
3

o
a

i
l
 
'

T
o
t
a
l

1
9
7
5
-
8
3

1
,
4
4
1

1
,
0
2
2

3
,
3
3
5

5
,
7
9
8

1
,
1
9
8

6
3
8

4
,
7
9
9

5
,
4
3
7

3
6
1

C
C
M

1
9
7
1
 
i
s
 
u
s
e
d
 
a
s
 
a
 
b
a
s
e
 
y
e
a
r
 
s
o
 
t
h
a
t
 
r
e
t
e
n
t
i
o
n
 
o
f
 
g
r
a
d
u
a
t
e
s
 
a
n
d
 
i
n
-
m
i
g
r
a
t
i
o
n
'
c
a
n
 
b
e
 
c
o
m
p
u
t
e
d
 
o
n
 
a
 
c
o
m
p
a
r
a
b
l
e
 
b
a
s
i
s
.

b
S
e
e
 
T
a
b
l
e
 
2
0
.

S
i

°
e
_
 
l
a
b
l
e
 
2
1
.

d
g
e
e
 
T
a
b
l
e
 
1
3

.
A
s
s
u
m
e
s
 
s
a
m
e
 
s
e
p
a
r
a
t
i
o
n
 
r
a
t
e
 
a
s
 
f
o
r
 
n
o
n
e
n
e
r
g
y
 
c
r
i
s
i
s
 
p
r
o
j
e
c
t
i
o
n
s
.

C
r
i
s
i
s
-
i
n
d
u
c
e
d
 
g
r
o
w
t
h
 
i
s
 
s
e
e
n
 
a
s

l
a
r
g
e
l
y
 
d
u
e
 
t
o
 
y
o
u
n
g
 
g
r
a
d
u
a
t
e
;
 
w
h
o
 
a
r
e
 
n
o
t
 
l
i
k
e
l
y
 
t
o
 
d
i
e
 
o
r
 
r
e
t
i
r
e
.

t
S
e
e
 
T
a
b
l
e
 
2
2
,
.

'
S
e
e
 
T
a
b
l
e
 
3
5
.

g
l
e
e
 
T
a
b
l
e
 
3
6
.

h
i
h
e

a
s
s
u
m
p
t
i
o
n
 
i
4
 
m
a
d
e
 
h
e
r
e
 
t
h
a
t
 
P
e
n
n
s
y
l
v
a
n
i
a
 
w
a
s
 
a
b
l
e
 
t
o
 
a
t
t
r
a
c
t
 
(
i
n
-
m
i
g
r
a
t
e
)
 
a
l
l
 
w
h
o
 
w
e
r
e
 
n
e
e
d
e
d
 
i
n
 
1
9
7
1
 
t
o
 
m
e
e
t

d
i
s
c
r
e
p
a
n
c
y
 
b
e
t
w
e
e
n
 
d
e
m
a
n
d
 
a
n
d
 
r
e
t
a
i
n
e
d
 
B
.
S
.
 
d
e
g
r
e
e
 
g
r
a
d
u
a
t
e
s
 
a
n
d
 
t
h
a
t
 
t
h
e
 
f
u
t
u
r
e
 
e
s
t
i
m
a
t
e
s
 
o
f
 
i
n
-
m
i
g
r
a
t
i
o
n
 
w
o
u
l
d

h
a
v
e
 
t
h
e
 
s
a
m
e
 
r
e
l
a
t
i
o
n
s
h
i
p
 
t
o
 
o
u
t
-
m
i
g
r
a
t
i
o
n
 
i
n
 
1
9
7
1
,
 
i
.
e
,
 
t
h
a
t
 
P
e
n
n
s
y
l
v
a
n
i
a

)
u
l
d
 
b
e
 
a
s
 
s
u
c
c
e
s
s
f
u
l
 
i
n
 
a
t
t
r
a
c
t
i
n
g

e
n
g
i
n
e
e
r
s
 
i
n
 
t
h
e
 
f
u
t
u
r
e
.



T
a
b
l
e
 
5
4

P
r
o
j
e
c
t
i
o
n
s
 
o
f
 
P
e
n
n
s
y
l
v
a
n
i
a
 
D
e
m
a
n
d
,
 
S
u
p
p
l
y
 
a
n
d
 
U
n
m
e
t
 
N
e
e
d
 
f
o
r
 
B
a
c
c
a
l
a
u
r
e
a
t
e
 
D
e
g
r
L
.
:
.
 
H
o
l
d
i
n
g
 
E
n
g
i
n
n
e
r
s
 
i
n

M
e
c
h
a
n
i
c
a
l
 
E
n
g
i
n
e
e
r
i
n
g
 
f
r
o
m
 
1
9
'
)
5
 
t
o
 
1
9
8
3
 
A
s
s
u
m
i
n
g
 
a
 
R
e
s
p
o
n
s
e
 
t
o
 
t
h
e
 
E
n
e
r
g
y
 
C
r
i
s
i
s
 
a
s
 
o
f
 
1
9
7
6

Y
e
a
r

N
u
m
b
e
r
b

G
r
o
w
t
h

S
e
p
a
r
a
t
i
o
n
s

D
e
m
a
n
d
 
c

D
e
m
a
n
d
 
d

O
u
t
 
-

M
i
g
r
a
t
i
o
n

D
e
m
a
n
d
 
e

R
e
t
a
i
n
e
d

I
n
-

T
o
t
a
l

B
.
S
.
D
e
g
r
e
e

B
.
S
.
D
e
g
r
e
e

M
i
g
r
a
t
i
o
n

T
o
t
a
l

U
n
m
e
t

D
e
m
a
n
d

G
r
a
d
u
a
t
e
s

G
r
a
d
u
a
t
e
s
 
g

S
u
p
p
l
y
1
"

S
u
p
p
l
y

N
e
e
d

1
9
7
1
e

1
9
7
5

1
9
7
6

1
9
7
7

1
9
7
8

1
9
7
9

1
9
8
0

1
9
8
1

1
9
8
2

C
j

1
9
8
3

c
)

T
o
t
a
l

1
9
7
5
-
8
3

6
,
8
7
4

P
r
o
j
e
c
t
i
o
n
s

7
,
0
2
3

7
f
1
0

7
,
4
6
9

7
,
7
0
2

7
,
4
3

8
,
1
9
1

8
,
4
4
7

8
,
7
1
1

8
,
9
8
3

3
7

1
1
9

4
5
5

5
9
1

3
1
4

1
4
1

4
5
5

3
7

1
2
1

3
0
5

4
6
3

4
7
3

2
5
0

1
4
4

3
9
4

6
9

2
1
9

1
2
2

3
1
5

6
5
6

3
8
9

2
0
6

1
4
9

3
5
5

3
0
1

2
2
7

1
2
3

3
2
5

6
7
5

3
2
6

0
1
7
3

1
5
3

3
2
6

3
4
9

2
3
3

1
2
3

3
3
5

6
9
1

3
9
3

2
0
9

1
5
8

3
6
7

3
2
4

2
4
1

1
2
4

3
4
5

7
1
0

4
8
2

2
5
5

1
6
3

4
1
8

2
9
2

2
4
8

1
2
5

3
5
6

7
2
9

5
2
2

2
7
7

1
6
8

4
4
5

2
8
4

2
5
6

1
2
5

3
6
7

7
4
8

5
4
0

2
g
6

1
7
3

4
5
9

2
8
9

'
L
o
g

1
2
6

3
7
9

7
6
9

5
8
2

3
0
9

1
7
9

4
8
8

2
8
1

2
7
2

1
2
7

3
9
1

8
1
1

6
0
0

3
1
8

1
8
5

5
0
3

3
0
8

1
,
9
9
7

1
,
1
1
6

3
,
1
1
8

6
,
2
5
2

4
,
3
0
7

2
,
2
8
3

1
,
4
7
2

3
,
7
5
5

2
,
4
9
7

e
1
9
7
1
 
i
s
 
u
s
e
d
 
a
s
 
a
 
b
a
s
e
 
y
e
a
r
 
s
o
 
t
h
a
t
 
r
e
t
e
n
t
i
o
n
 
o
f
 
g
r
a
d
u
a
t
e
s
 
a
n
d

i
n
-
m
i
g
r
a
t
i
o
n
 
c
a
n
 
b
e
 
c
o
m
p
u
t
e
d
 
o
n
 
a
 
c
o
m
p
a
r
a
b
l
e
 
b
a
s
i
s
.

°
S
e
e
 
T
a
b
l
e
 
2
0
.

c
S
e
e
 
T
a
b
l
e
 
2
1
.

d
S
e
e
 
T
a
b
l
e
 
1
3

A
s
s
u
m
e
s
 
s
a
m
e
 
s
e
p
a
r
a
t
i
o
n
 
r
a
t
e
 
a
s
 
f
o
r
 
n
o
n
e
n
e
r
g
y
 
c
r
i
s
i
s
 
p
r
o
j
e
c
t
i
o
n
s
.

C
r
i
s
i
s
-
i
n
d
u
c
e
d
 
g
r
o
w
t
h
 
i
s
 
s
e
e
n
 
a
s

l
a
r
g
e
l
y
 
d
u
e
 
t
o
 
y
o
u
n
g
 
g
r
a
d
u
a
t
e
s
,
 
w
h
o
 
a
r
e
 
n
o
t
 
l
i
k
e
l
y
 
t
o
 
d
i
e
 
o
r
 
r
e
t
i
r
e
.

e
S
e
e
 
T
a
b
l
e
 
2
2
.

`
S
e
e
 
T
a
b
l
e
 
3
5
.

g
S
e
e
 
T
a
b
l
e
 
3
6
.

h
T
h
e
 
a
s
s
u
m
p
t
i
o
n
 
i
s
 
m
a
d
e
 
h
e
r
e
 
t
h
a
t
 
P
e
n
n
s
y
l
v
a
n
i
a
w
a
s
 
a
b
l
e
 
t
o
 
a
t
t
r
a
c
t
 
(
i
n
-
m
i
g
r
a
t
e
)
 
a
l
l
 
t
h
a
t
 
w
e
r
e
 
n
e
e
d
e
d
 
i
n
 
1
9
7
1
 
t
o
 
m
p
p
t
 
t
h
e

d
i
s
c
r
e
p
a
n
c
y
 
b
e
t
w
e
e
n
 
d
e
m
a
n
d
 
a
n
d
 
r
e
t
a
i
n
e
d
 
B
.
S
.
 
d
e
g
r
e
e
 
g
r
a
d
u
a
t
e
s
 
a
n
d
 
t
h
a
t
 
t
h
e
 
f
u
t
u
r
e
 
e
s
t
i
m
a
t
e
s
 
o
f
 
i
n
-
m
i
g
r
a
t
i
o
n
 
w
o
u
l
d

h
a
v
e
 
t
h
e
 
s
a
m
e
 
r
e
l
a
t
i
o
n
s
h
i
p
 
t
o
 
o
u
t
-
m
i
g
r
a
t
i
o
n
 
i
n
 
1
9
7
1
,
 
i
.
e
,
 
t
h
a
t
 
P
e
n
n
s
y
l
v
a
n
i
a
 
w
o
u
l
d
b
e
 
a
s
 
s
u
c
c
e
s
s
f
u
l
 
i
n
 
a
t
t
r
a
c
t
i
n
g

e
n
g
i
n
e
e
r
s
 
i
n
 
t
h
e
 
f
u
t
u
r
e
.



T
a
b
l
e
 
5
5

P
r
o
j
e
c
t
i
o
n
s
 
o
f
 
P
e
n
n
s
y
l
v
a
n
i
a
 
D
e
m
a
n
d
,
 
S
u
p
p
l
y
 
a
n
d
 
U
n
m
e
t
 
N
e
e
d
 
f
o
r
 
B
a
c
c
a
l
a
u
r
e
a
t
e
 
D
e
g
r
e
e
 
H
o
l
d
i
n
g
 
E
n
g
i
n
e
e
r
s
 
i
n

M
e
t
a
l
l
u
r
g
i
c
a
l
 
a
n
d
 
M
a
t
e
r
i
a
l
s
 
E
n
g
i
n
e
e
r
i
n
g
 
f
r
o
m
 
1
9
7
5
 
t
o
 
1
9
8
3
 
A
s
s
u
m
i
n
g
 
R
e
s
p
o
n
s
e
 
t
o
 
t
h
e
 
E
n
e
r
g
y
 
C
r
i
s
i
s
 
a
s
 
o
f
 
1
9
7
6

Y
e
a
r

N
u
m
b
e
r
'
)

1
9
7
1
e

1
,
6
0
4
.

`
P
r
o
j
e
c
t
i
o
n
s

1
9
7
5

1
,
6
5
4

1
9
7
6

1
,
6
7
3

1
9
7
7

1
,
6
9
2

1
9
7
8

1
,
7
1
2

1
9
7
9

1
,
7
3
2

1
9
8
0

1
,
7
5
2

1
9
8
1

1
,
7
7
2

1
9
8
2

1
,
7
9
3

1
9
8
3

1
,
8
1
4

c
o
 
T
o
t
a
l

0
 
1
9
7
5
-
8
3

,
!
"
-

G
r
o
w
t
h

D
e
m
a
n
d
c

.

S
e
p
a
r
a
t
i
o
n
s

D
e
m
a
n
d
d

O
u
t
-

M
i
g
r
a
t
i
o
n

T
o
t
a
l

D
e
m
a
n
d
e

D
e
m
a
n
d

B
.
S
.
D
e
g
r
e
e

G
r
a
d
u
a
t
e
s
f

R
e
t
a
i
n
e
d

B
.
S
.
D
e
g
r
e
e

G
r
a
d
u
a
t
e
s
g

I
n
-

M
i
g
r
a
t
i
o
n

S
u
p
p
l
y
h

T
o
t
a
l

'
S
u
p
p
l
y

U
n
m
e
t

N
e
e
d

1
0

2
3

8
7

1
2
0

1
4
2

8
5

3
5

1
2
0

-

1
0

2
4

8
9

1
2
3

1
2
6

7
5

3
6

1
1
1

1
2

1
9

2
4

9
0

1
3
3

1
0
3

-
6
1

3
6

9
7

3
6

1
9

2
4

9
1

k
i

1
3
4

8
6

5
2

3
7

8
9

4
5

2
0

2
4

9
3

1
3
7

1
0
4

6
1

3
7

9
8

3
9

2
0

2
4

9
4

1
3
8

1
2
8

7
6

3
8

1
1
4

2
4

2
0

2
4

9
5

1
3
9

1
3
9

8
2

3
8

1
2
0

1
9

2
0

2
4

9
6

1
4
0

1
4
4

8
5

3
9

1
2
4

1
6

2
1

2
5
,

9
7

1
4
3

1
5
5

9
2

3
9

1
3
1

1
2

2
1

2
5

9
8

1
4
4

1
6
0

9
5

3
9

1
3
4

1
0

1
7
0

2
1
8

8
4
3

1
,
2
3
1

1
,
1
4
5

6
7
9

3
3
9

1
,
0
1
8

2
1
3

c
r
1
1
,
 
:

e
1
9
7
1
 
i
s
 
u
s
e
d
 
a
s
 
a
 
b
a
s
e
 
y
e
a
r
 
s
o
 
t
h
a
t
 
r
e
t
e
n
t
i
o
n
 
o
f
 
g
r
a
d
u
a
t
e
s
 
a
n
d
 
i
n
-
m
i
g
r
a
t
i
o
n
 
c
a
n
 
b
e
 
c
o
m
p
u
t
e
d
 
o
n
 
a
 
c
o
m
p
a
r
a
b
l
e
 
b
a
s
i
s
.

h
S
e
e
 
T
a
b
l
e
 
2
0
,

c
S
e
e
 
T
a
b
l
e
 
2
1
.

d
S
e
e
 
T
a
b
l
e
 
1
3

.
A
s
s
u
m
e
s
 
s
a
m
e
 
s
e
p
a
r
a
t
i
o
n
 
r
a
t
e
 
a
s
 
f
o
r
 
n
o
n
e
n
e
r
g
y
 
c
r
i
s
i
s
 
p
r
o
j
e
c
t
i
o
n
s
.

C
r
i
s
i
s
-
i
n
d
u
c
e
d
 
g
r
o
w
t
h
 
i
s
 
s
e
e
n
 
a
s

l
a
r
g
e
l
y
 
d
u
e
 
t
o
 
y
o
u
n
g
 
g
r
a
d
u
a
t
e
s
,
 
w
h
o
 
a
r
e
 
n
o
t
 
l
i
k
e
l
y
 
t
o
 
d
i
e
 
o
r
 
r
e
t
i
r
e
.

e
S
e
e
 
T
a
b
l
e
 
2
2
.
.

f
S
e
e
 
T
a
b
l
e
 
3
5
.

g
S
e
e
 
T
a
b
l
e
 
3
6
.

1
1
T
h
e
 
a
s
s
u
m
p
t
i
o
n
 
i
s
 
m
a
d
e
 
h
e
r
e
 
t
h
a
t
 
2
e
n
n
s
y
l
v
a
n
i
a

w
a
s
 
a
b
l
e
 
t
o
 
a
t
t
r
a
c
t
 
(
i
n
-
m
i
g
r
a
t
e
)
 
a
l
l
 
w
h
o
 
w
e
r
e
 
n
e
e
d
e
d
 
i
n
 
1
9
7
1
 
t
o
 
m
e
e
t
 
t
h
c

d
i
s
c
r
e
p
a
n
c
y
 
b
e
t
w
e
e
n
 
d
e
m
a
n
d
 
a
n
d
 
r
e
t
a
i
n
e
d
 
B
.
S
.
 
d
e
g
r
e
e
 
g
r
a
d
u
a
t
e
s
 
a
n
d
 
t
h
a
t
 
t
h
e
 
f
u
t
u
r
e
 
e
s
t
i
m
a
t
e
s
 
o
f
 
i
n
-
m
i
g
r
a
t
i
o
n
 
w
o
u
l
d

h
a
v
e
 
t
h
e
 
s
a
m
e
 
r
e
l
a
t
i
o
n
s
h
i
p
 
t
o
 
o
u
t
-
m
i
g
r
a
t
i
o
n
 
i
n
 
t
h
e
 
1
9
7
1
,
 
i
.
e
,
 
t
h
a
t
 
P
e
n
n
s
y
l
v
a
n
i
a
 
w
o
u
l
d
 
b
e
 
a
s
 
s
u
s
s
c
e
s
s
f
u
l
 
i
n
 
a
t
t
r
a
c
t
i
n
g

e
n
g
i
n
e
e
r
s
 
i
n
 
t
h
e
 
f
u
t
u
r
e
.

I
)



T
n
6
l
e
 
!
)
1
3

P
r
o
j
e
c
t
i
o
n
s
 
o
f
 
P
e
n
n
s
y
l
v
a
n
i
a
 
D
e
m
a
n
d
,
 
S
u
p
p
l
y
 
a
n
d
 
U
n
m
e
t
 
N
e
e
d
 
f
o
r
 
B
a
c
c
a
l
a
u
r
e
a
t
e
 
D
e
g
r
e
e
 
H
o
l
d
i
n
g
 
E
n
g
i
n
e
e
r
s

i
n
 
M
i
n
i
n
g
 
E
n
g
i
n
e
e
r
i
n
g
 
f
r
o
m
 
1
9
7
5
 
t
o
 
1
9
8
3
 
A
s
s
u
m
i
n
g
 
a
 
R
e
s
p
o
n
s
e
 
t
o
 
t
h
e
 
E
n
e
r
g
y
 
C
r
i
s
i
s
 
a
s
 
o
f
 
1
9
7
6

O
u
t

R
e
t
a
i
n
e
d

I
n

G
r
o
w
t
h

S
e
p
a
r
a
t
i
o
n
s

M
i
g
r
a
t
i
o
n

T
o
t
a
l

B
.
S
.
D
e
g
r
e
e

B
.
S
.
D
e
g
r
e
e

M
i
g
r
a
t
i
o
n

T
o
t
a
l

U
n
m
e
t

Y
e
a
r

N
u
m
b
e
r
 
b

D
e
m
a
n
d
 
c

D
e
m
a
n
d
 
d

D
e
m
a
n
d
 
e

D
e
m
a
n
d

C
r
a
d
u
a
t
e
s
i

G
r
a
d
u
a
t
e
s
 
g

S
u
p
p
l
y
 
h

S
u
p
p
l
y

N
e
e
d

1
9
7
1
 
a

2
6
4

0
1
0

1
8

2
8

1
8

6
2
2

2
8

P
r
o
j
e
c
t
i
o
n
s

1
9
7
5

2
6
5

0
1
0

1
8

2
8

1
5

5
2
1

2
7

1

1
9
7
6

2
8
4

1
9

1
0

,
n

4
9

1
2

4
2
4

2
8

2
1

1
9
7
7

3
0
4

2
0

1
0

2
1

5
1

2
5

8
.
2
6

3
4

1
7

1
9
7
8

3
2
6

?
.
9

1
0

2
3

5
5

l
g

1
0

2
8

3
R

1
7

0
.
A
.

1
9
7
9

3
5
0

2
4

1
0

2
4

5
8

3
5

1
2

2
9

4
1

1
7

C
.
.
)

1
9
8
0

3
7
5

2
5

1
0

2
6

6
1

3
7

1
2

3
2

4
4

1
7

I
V

1
9
8
1

4
0
2

2
7

1
0

2
8

6
5

3
9

1
3

3
4

4
7

1
8

c
°

1
9
8
2

.
.
.
.
1

4
3
1

2
9

1
0

3
0

6
9

-
4
1

1
4

3
7

5
1

1
8

1
9
8
3

4
6
2

3
1

1
0

3
2

7
3

4
3

1
4

3
9

5
3

2
0

.

T
o
t
a
l

U
7
5
-
8
3

1
9
7

9
0

2
2
2

5
0
9

2
7
6

9
2

2
7
1

3
6
3

1
4
6

a
1
J
7
1
 
i
s
 
u
s
e
d
 
a
c
 
a
 
b
a
s
e
 
y
e
a
r
 
s
o
 
t
h
a
t
 
r
e
t
e
n
t
i
o
n
 
o
f
 
g
r
a
d
u
a
t
e
s
 
a
n
d
 
i
n
m
i
g
r
a
t
i
o
n

c
a
n
 
b
e
 
c
o
m
p
u
t
e
d
 
o
n
 
a
 
c
o
m
p
a
r
a
b
l
e
 
b
a
s
i
s
.

b
S
e
e
 
T
a
b
l
e
 
2
U
.

c
S
e
e
 
T
a
b
l
e
 
2
1
.

d
S
e
e
 
T
a
b
l
e
 
1
3

.
A
s
s
u
m
e
s
 
s
a
m
e
 
s
e
p
a
r
a
t
i
o
n
 
r
a
t
e
 
a
s
 
f
o
r
 
n
o
n
e
n
e
r
g
y
 
c
r
i
s
i
s
 
p
r
o
j
e
c
t
i
o
n
s
.

C
r
i
s
i
s
i
n
d
u
c
e
d
 
g
r
o
w
t
h
 
i
s
 
s
e
e
n

a
s
 
l
a
r
g
e
l
y
 
d
u
e
 
t
o
 
y
o
u
n
g
 
g
r
a
d
u
a
t
e
s
w
h
o
 
a
r
e
 
n
o
t
 
l
i
k
e
l
y
 
t
o
 
d
i
e
 
o
r
 
r
e
t
i
r
e
.

e
S
e
e
 
T
a
b
l
e
 
2
2
.

'
S
e
e
 
T
a
b
l
e
 
3
5
.

g
S
e
e
 
T
a
b
l
e
 
3
6
.

h
T
h
e
 
a
s
s
u
m
p
t
i
o
n
 
i
s
 
m
a
d
e
 
h
e
r
e
 
t
h
a
t
 
P
e
n
n
s
y
l
v
a
n
i
a
 
w
a
s
 
a
b
l
e
 
t
o
 
a
t
t
r
a
c
t
 
(
i
n
m
i
g
r
a
t
e
)
 
a
l
l
 
w
h
o
 
w
e
r
e
 
n
e
e
d
e
d
 
i
n
 
1
9
7
1
 
t
o
 
m
e
e
t
 
t
h
e

d
i
s
c
r
e
p
a
n
c
y
 
b
e
t
w
e
e
n
 
d
e
m
a
n
d
 
a
n
d
 
r
e
t
a
i
n
e
d
 
B
.
S
.
 
d
e
g
r
e
e
 
g
r
a
d
u
a
t
e
s
 
a
n
d
 
t
h
a
t
 
t
h
e
 
f
u
t
u
r
e
 
e
s
t
i
m
a
t
e
s
 
o
f
 
i
n
m
i
g
r
a
t
i
o
n
 
w
o
u
l
d

t
h
e
 
s
a
n
e
 
r
e
l
a
t
i
o
n
s
h
i
p
 
t
o
 
o
u
t
m
i
g
r
a
t
i
o
n
 
i
n
 
1
9
7
1
.
,
 
i
.
e
.
,
 
t
h
a
t
 
P
e
n
n
s
y
l
v
a
n
i
a
 
w
o
u
l
d
 
b
e
 
a
s
 
s
u
c
c
e
s
s
f
u
l
 
i
n
 
a
t
t
r
a
c
t
i
n
g

e
n
g
'
l
e
e
r
s
 
i
n
 
t
h
e
 
f
u
t
u
r
e
.



F
a
b
l
e
 
5
7

P
r
o
j
e
c
t
i
o
n
s
 
o
f
 
P
e
n
n
s
y
l
v
a
n
i
a
 
D
e
m
o
n
d
,
 
'
;
u
o
r
l
y
 
a
n
d
 
U
n
m
e
t
 
N
e
e
d
 
f
o
r
 
B
a
c
c
a
l
u
r
e
a
t
e
 
D
e
g
r
e
e
 
H
o
l
d
i
n
g
 
E
n
g
i
n
e
e
r
s

i
n

P
e
t
r
r
)
l
e
u
m
 
E
n
-
.
i
n
e
c
r
L
1
.
1
,
4

f
 
r
 
r
l
a

1
9
7
5
 
f
o
 
1
°
P
%
 
4
,
.
r
i
n
g
 
a

o
s
J
o
n
s
e
 
t
o
 
t
h
e
 
E
n
e
r
g
y
 
C
r
i
s
i
s
 
a
s
 
o
f
 
1
9
7
6

Y
e
a
r

u
m
b
e
r
 
b

N

G
r
o
u
c
h

D
e
m
a
n
d

S
e
p
a
r
a
t
i
o
n
s

D
e
m
a
n
d
 
d

O
u
t
-

M
i
g
r
a
t
i
o
n

D
e
m
a
n
d
 
e

T
o
t
a
l

D
e
m
a
n
d

B
.
S
.
D
e
g
r
e
e

G
r
a
d
u
a
t
e
s
f

R
e
t
a
i
n
e
d

B
.
S
.
D
e
g
r
e
e

G
r
a
d
u
a
t
e
s
6

T
n
-

M
i
g
r
a
t
i
o
n

S
u
p
p
l
y
 
h

T
o
t
a
l

S
u
p
p
l
y

U
n
m
e
t

N
e
e
d

1
9
7
1
a

7
1

1
1

1
0

1
2

3
6

1
2

0
1
2

0

P
r
o
j
e
c
t
i
o
n
s

1
9
7
5

7
4

1
1

1
0

1
2

2
4

8
(
)

8
4

1
9
7
6

7
6

,
1

1
1

1
4

2
0

7
0

7
7

1
9
7
7

7
9

3
i

1
1

1
5

1
7

6
0

6
0

1
9
7
8

8
1

?
0

1
1

1
3

2
0

7
0

7
6

1
9
7
9

8
4

3
1

1
2

1
6

2
4

8
0

R
8

1
9
8
)

8
7

3
1

1
2
-

1
6

2
6

q
0

0
7

1
0
8
1

9
0

3
1

1
3

1
7

2
7

0
0

9
8

1
9
8
2

9
3

3
1

1
3

1
7

2
9

1
0

0
1
0

7

1
9
8
3

9
6

3
0

1
3

1
6

3
0

1
0

0
1
0

6

o
a

T
o
t
a
l

c
°
 
1
9
7
5
-
8
3

2
3

7
1
0
6

1
3
6

2
1
7

7
4

0
7
4

6
2

C
;
)

e
v
e
'

a
1
9
7
1
 
i
s
 
u
s
e
d
 
a
s
 
a
 
b
a
s
e
 
y
e
a
r
 
s
o
 
t
h
a
t
 
r
e
t
e
n
t
i
o
n
 
o
f
 
g
r
a
d
u
a
t
e
s
 
a
n
d
 
i
n
-
m
i
g
r
a
t
i
o
n
 
c
a
n
 
b
e
 
c
o
m
p
u
t
e
d
 
o
n
 
a
 
c
o
m
p
a
r
a
b
l
e
 
b
a
s
i
s
.

b
S
e
e
 
T
a
b
l
e
 
2
0
.

c
S
e
e
 
T
a
b
l
e
 
2
1
.

d
S
e
e
 
T
a
b
l
e
 
1
3

.
A
s
s
u
m
e
s
 
s
a
m
e
 
s
e
p
a
r
a
t
i
o
n
 
r
a
t
e
 
a
s
 
f
o
r
 
n
o
n
e
n
e
r
g
y
 
c
r
i
s
i
s
 
p
r
o
j
e
c
t
i
o
n
s
.

C
r
i
s
i
s
-
i
n
d
u
c
e
d
 
g
r
o
w
t
h
 
i
s
 
s
e
e
n
 
a
s

l
a
r
g
e
l
y
 
d
u
e
 
t
o
 
y
o
u
n
g
 
g
r
a
d
u
a
t
e
d
 
w
h
o
 
a
r
e
 
n
o
t
 
l
i
k
e
l
y
 
t
o
 
d
i
e
 
o
r
 
r
e
t
i
r
e
.

e
A
l
t
h
o
u
g
h
 
t
h
e
 
f
i
g
u
r
e
 
f
o
r
 
1
9
7
1
 
s
h
o
u
l
d
 
b
e
 
5
,
 
o
n
 
t
h
e
 
b
a
s
i
s
 
o
f
 
T
a
b
l
e
 
2
2

,
t
h
e
 
a
s
s
u
m
p
t
i
o
n
 
o
f
 
d
e
m
a
n
d
 
b
e
i
n
g
 
e
q
u
a
l
 
t
o
 
s
u
p
p
l
y

f
o
r
 
t
h
a
t
 
y
e
a
r
 
i
n
 
t
h
i
s
 
t
a
b
l
e
 
r
e
q
u
i
r
e
s
 
t
h
a
t
 
t
h
i
s
"
f
i
g
u
r
e
 
b
e
 
d
o
u
b
l
e
d
 
t
o
 
1
0
,
 
g
i
v
i
n
g
 
a
n
 
o
u
t
-
m
i
g
r
a
t
i
o
n
 
r
a
t
e
 
o
f
 
0
.
1
3
9
9
 
t
i
m
e
s

t
h
e
 
n
u
m
b
e
r
 
o
f
 
p
e
t
r
o
l
e
u
m
 
e
n
g
i
n
e
e
r
s
 
i
n
 
a
 
g
i
v
e
n
 
y
e
a
;
 
r
a
t
h
e
r
 
t
h
a
n
 
t
h
e
 
n
a
t
i
o
n
a
l
 
r
a
t
e
 
o
f
 
.
0
6
5
8
 
f
o
u
n
d
 
i
n
 
T
a
b
l
e
 
2
2
.

f
S
e
e
 
T
a
b
l
e
 
3
5
.

g
S
e
e
 
T
a
b
l
e
 
3
6
.

h
T
h
e
 
a
s
s
u
m
p
t
i
o
n
 
i
s
 
m
a
d
e
 
h
e
r
e
 
t
h
a
t
 
P
e
n
n
s
y
l
v
a
n
i
a
 
w
a
s
 
a
b
l
e
 
t
o
 
a
t
t
r
a
c
t
 
(
i
n
-
m
i
g
r
a
t
e
)
 
a
l
l
 
w
h
o
 
w
e
r
e
 
n
e
e
d
e
d
 
i
n
 
1
9
7
1
 
t
o
 
m
e
e
t
 
t
h
e

d
i
s
c
r
e
p
a
n
c
y
 
b
e
t
w
e
e
n
 
d
e
m
a
n
d
 
a
n
d
 
r
e
t
a
i
n
e
d
 
B
.
S
.
 
d
e
g
r
e
e
 
g
r
a
d
u
a
t
e
s
 
a
n
d
 
t
h
a
t
 
t
h
e
 
f
u
t
u
r
e
 
e
s
t
i
m
a
t
e
s
 
o
f
 
i
n
-
m
i
g
r
a
t
i
o
n
 
w
o
u
l
d

h
a
v
e
 
t
h
e
 
s
a
m
e
 
r
e
l
a
t
i
o
n
s
h
i
p
 
t
o
 
o
u
t
-
m
i
g
r
a
t
i
o
n
 
i
n
 
1
9
7
1
,
 
i
.
e
.
,
 
t
h
a
t
 
P
e
n
n
s
y
l
v
a
n
i
a
 
w
o
u
l
d
 
b
e
 
a
s
 
s
u
c
c
e
s
s
f
u
l
 
i
n
 
a
t
t
r
a
c
t
i
n
g

e
n
g
i
n
e
e
r
s
 
i
n
 
t
h
e
 
f
u
t
u
r
e
.



C
D

T
a
b
l
e
 
5
8

P
r
o
j
e
c
t
i
o
n
s
 
o
f
 
P
e
n
n
s
y
l
v
a
n
i
a
 
D
e
m
a
n
d
,
S
u
p
p
l
y
 
a
n
d
 
U
n
m
e
t
 
N
e
e
d
 
f
o
r
 
B
a
c
c
a
l
a
u
r
e
a
t
e
 
D
e
g
r
e
e
 
H
o
l
d
i
n
g
 
E
n
g
i
n
e
e
r
s

i
n
 
O
t
t
i
e
r
 
E
n
g
i
n
e
e
r
s
,
 
n
.
e
.
c
.
,
 
f
r
o
m
 
1
9
7
5
 
t
o
 
1
9
8
3
 
M
a
d
e
 
W
i
t
h
 
a
n
 
A
s
s
u
m
p
t
i
o
n
 
o
f
 
a
n
 
E
n
e
r
g
y
 
C
r
i
s
i
s
 
R
e
s
p
o
n
s
e

B
e
g
i
n
n
i
n
g
 
i
n
 
1
9
7
6
 
a

Y
e
a
r

N
u
m
b
e
r

G
r
o
w
t
h

D
e
m
a
n
d

S
e
p
a
r
a
t
i
o
n
s
.

D
e
m
a
n
d

O
u
t
 
-

M
i
g
r
a
t
i
o
n

D
e
m
a
n
d

T
o
t
a
l

D
e
m
a
n
d

B
.
S
.
D
e
g
r
e
e

G
r
a
d
u
a
t
e
s

_
R
e
t
a
i
n
e
d

B
.
S
.
D
e
g
r
e
e

G
r
a
d
u
a
t
e
s
c

I
n
-

M
i
g
r
a
t
i
o
n
.

S
u
p
p
l
v
d

T
o
t
a
l

S
u
p
p
l
y

U
n
m
e
t

N
e
e
d

1
9
7
1
 
b

1
0
,
6
1
3

1
9
2

1
7
7

5
0
8

8
7
7

1
3
5

5
8

8
1
9

8
7
7

P
r
o
j
e
c
t
i
o
n
s

1
9
7
5

1
1
,
4
2
8

2
0
9

1
8
9

5
5
5

9
5
3

1
1
4

4
9

8
9
5

9
4
4

9
1
9
7
n

1
1
,
7
6
8

3
4
0

1
9
3

5
7
:

1
,
1
0
5

9
4

G
O

9
2
2

9
6
2

1
4
3

1
9
7
7

1
2
,
1
1
9

3
5
1

1
9
6

5
8
9

1
,
1
3
6

7
8

3
3

9
4
9

9
8
2

1
5
4

3
9
7
8

1
2
,
4
8
4

3
6
5

2
0
4

6
0
9

1
,
1
7
8

9
5

4
1

9
8
2

1
,
0
2
3

1
5
5

1
9
7
9

1
2
2
)
1
6
0

3
7
6

2
0
6

6
2
9

1
,
2
1
1

1
1
6

5
0

1
,
0
1
4

1
,
0
6
4

1
4
7

1
9
8
0

1
3
,
2
5
0

3
9
0

2
0
8

6
4
9

1
,
2
4
7

1
2
6

5
4

1
,
0
4
6

1
,
1
0
0

1
4
7

1
9
8
1

1
3
,
6
5
4

4
0
4

2
1
4

6
6
9

1
,
2
8
7

1
3
0

5
5

1
,
0
7
8

1
,
1
3
3

1
5
4

1
9
8
2

1
4
,
0
7
2

4
1
8

2
1
7

6
9
2

1
,
3
2
7

1
4
1

6
0

1
,
1
1
6

1
,
1
7
6

1
5
1

1
9
8
3

1
4
,
5
0
4

4
3
2

2
2
2

7
1
3
'

1
,
3
6
7

1
4
5

6
2

1
,
1
4
9

1
,
2
1
1

1
5
6
,

T
o
t
a
l

1
9
7
3
-
8
3

3
,
2
8
5

1
,
8
4
9

5
,
6
7
7

1
0
,
8
1
1

1
,
0
3
9

4
4
4

9
,
1
5
1

9
,
5
9
5

1
,
2
1
6

i
n
 
t
h
i
s
 
.
i
d
l
e
 
a
r
e
 
a
 
r
e
s
u
l
t
.
o
f
 
s
u
b
t
r
a
c
t
i
n
g
 
t
h
e
 
s
p
e
c
i
f
i
c
 
s
p
e
c
i
a
l
t
y
 
v
a
l
u
e
s
 
i
n
 
t
h
e
 
p
r
e
c
e
d
i
n
g
 
t
a
b
l
e
s
 
f
r
o
m

.
.
.
%
o
s
c

f
o
r
 
a
l
l
 
s
n
e
c
i
:
i
l
t
i
e
s
 
c
o
m
b
i
n
e
d
 
w
i
t
h
 
t
h
e
 
e
x
c
e
p
t
i
o
n
 
o
f
 
t
o
t
a
l
 
d
e
m
a
n
d
,
 
t
o
t
a
l
 
s
u
p
p
l
y
,
 
r
e
t
a
i
n
e
d
 
B
.
S
,
 
d
e
g
r
e
e
 
g
r
a
d
u
a
t
e
s
,

i
n
-
m
i
g
r
a
t
i
o
n
 
s
a
p
p
l
y
 
a
n
d
 
u
n
m
e
t
 
n
e
e
d
,
 
w
h
i
c
h
 
w
e
r
e
 
c
o
m
p
u
t
e
d
 
a
s
 
i
n
 
t
h
e
 
p
r
e
c
e
d
i
n
g
 
t
a
b
l
e
s
.

f
o
r
 
c
o
m
p
u
r
i
n
g
 
m
i
g
r
a
t
i
o
n
.

'
-
s
a
s
e
A
 
u
r
o
n
 
a
 
r
t
e
n
t
i
o
n
 
r
a
t
e
 
o
f
 
0
.
4
2
7
 
f
r
o
m
 
T
a
b
l
e
 
2
4
.

'
:
o
r
r
I
,
D
a
t
e
d
 
b
y
 
u
s
i
n

r
t
t
t
o
 
o
r
 
8
1
9
/
5
0
8
 
=
 
1
.
6
1
2
 
a
n
d
 
m
u
l
t
i
p
l
y
i
n
g
 
i
t
 
b
y
 
t
h
e
 
o
u
t
-
m
i
g
r
a
t
i
o
n
 
d
e
m
a
n
d
 
f
i
g
u
r
e
s
 
a
s
 
i
n
 
p
r
e
c
e
d
i
n
g

t
a
b
l
e
s
.



T
a
b
l
e
 
5
9

A
 
S
u
m
m
a
r
y
 
o
f
 
P
r
o
j
e
c
t
e
d
 
U
n
m
e
t
 
N
e
e
d

F
i
n
d
i
n
g
s
 
f
o
r
 
P
e
n
n
s
y
l
v
a
n
i
a
 
A
s
s
u
m
i
n
g
N
o
 
E
n
e
r
g
y
 
C
r
i
s
i
s
a

E
n
g
i
n
e
e
r
i
n
g

S
p
e
c
i
a
l
t
y
.

1
9
7
5

1
9
7
6

1
9
7
7

1
9
7
8

1
9
7
9

1
9
8
0

1
9
8
1

1
9
8
2

1
9
8
3

T
o
t
a
l

A
s
t
r
o
-
A
e
r
o
n
a
u
t
i
c
a
l

3
2

3
4

3
8

3
6

3
5

3
4

3
4

3
5

3
5

3
1
3

C
h
e
m
i
c
a
l

2
7

4
8

6
5

4
3

2
2

,
9

5
(
7
)
c

(
1
2
)
c

2
1
9

C
i
v
i
l

3
3
2

5
4

3
5

1
0

0
(
3
)
c

(
1
3
)
c

(
1
7
)
c

1
3
4

E
l
e
c
t
r
i
c
a
l
-
E
l
e
c
t
r
o
n
i
c

4
2

1
0
1

1
4
8

1
0
9

J
u

3
8

3
3

1
1

5
5
4
5

I
n
d
u
s
t
r
i
a
l

2
3

3
8

4
8

4
1

2
9

2
5

2
5

2
1

2
1

2
7
2

M
e
c
h
a
n
i
c
a
l

6
9

1
1
6

1
5
1

1
1
7

7
2

5
3

4
4

2
3

1
6

6
6
1

M
e
t
a
l
l
u
r
g
i
c
a
l
/
M
a
t
e
r
i
a
l
s

1
2

2
7

3
7

2
7

1
4

7
6

(
1
)
c

(
3
)
c

1
3
0

M
i
n
i
n
g

1
3

(
2
)
c

(
4
)
c

(
5
)
c

(
6
)
c

(
7
)
c

(
7
)
c

(
8
)
c

4
P
e
t
r
o
l
e
u
m

4
5

7
5

5
4

4
3

2
3
9

O
t
h
e
r
'

2
5

4
5

5
7

6
2

5
9

6
4

7
2

5
8

5
8

5
0
0

A
l
l
 
C
o
m
b
i
n
e
d

2
3
8

4
4
9

6
0
5

4
7
5

3
0
4

2
3
5

2
2
3

1
5
1

1
3
7

2
,
8
1
7

a
B
a
s
e
d
 
u
p
o
n
 
T
a
b
l
e
s
 
3
7
-
4
6
,

1
+

b
E
n
t
r
i
e
s
 
m
o
d
i
f
i
e
d

t
o
 
r
e
f
l
e
c
t
 
t
h
e
 
d
i
f
f
e
r
e
n
c
e
 
b
e
t
w
e
e
n
 
t
h
e
 
"
4
1
1
 
c
o
m
b
i
n
e
d
"

e
n
t
r
y
 
a
n
d
 
t
h
e
 
t
o
t
a
l
 
o
f
 
t
h
e
 
u
n
m
e
t

C
)

n
e
e
d
 
f
i
g
u
r
e
s
 
i
n
 
t
h
e
 
c
o
l
u
m
n
 
r
a
t
h
e
r
 
t
h
a
n
 
t
h
e

u
n
m
e
t
-
n
e
e
d
 
e
n
t
r
i
e
s
 
o
f
 
T
a
b
l
e
 
4
7
.

C
.
7
t

c
E
n
t
r
i
e
s
 
i
n
 
p
a
r
e
n
t
h
e
s
e
s
 
i
n
d
i
c
a
t
e

s
u
r
p
l
u
s
 
c
o
n
d
i
t
i
o
n
s
.

T
h
e
s
e
 
e
n
t
r
i
e
s
 
a
r
e
 
n
o
t
 
i
n
c
l
u
d
e
d
 
i
n

t
h
e
 
c
o



T
a
b
l
e
 
6
0

A
 
S
u
m
m
a
r
y
 
o
f
 
P
r
o
j
e
c
t
e
d
 
U
n
m
e
t
 
N
e
e
d

F
i
n
d
i
n
g
s
 
f
o
r
 
P
e
n
n
s
y
l
v
a
n
i
a

A
s
s
u
m
i
n
g
 
a
 
R
e
s
p
o
n
s
e
 
t
o
 
t
h
e
 
E
n
e
r
g
y

C
r
i
s
i
s
 
a
s
 
o
f
 
1
9
7
6
a
.

E
n
g
i
n
e
e
r
i
n
g

S
p
e
c
i
a
l
t
y

1
9
7
5

1
9
7
6

1
9
7
7

1
9
7
8

1
9
7
9

1
9
8
0

1
9
8
1

1
9
8
2

1
9
8
3

T
o
t
a
l

A
s
t
r
o
-
A
e
r
o
n
a
u
t
i
c
a
l

3
2

3
4

3
8

3
6

3
5

3
4

3
4

3
5

3
5

3
1
9

C
h
e
m
i
c
a
l

2
7

8
1

9
8

7
9

5
8

4
8

4
3

3
5

3
0

4
9
9

C
i
v
i
l

3
6
8

9
1

7
3

5
0

4
0
.

3
9

2
9

2
7

4
2
0

E
l
e
c
t
r
i
c
a
l
-
E
l
e
c
t
r
o
n
i
c

4
4

2
6
3

3
1
8

2
8
7

2
4
6

2
3
5
,

2
3
8

2
2
8

2
3
2

2
,
0
9
1

I
n
d
u
s
t
r
i
a
l

2
4

4
9

5
8

5
2

4
1

3
6
(
4

3
6

3
2

3
3

3
6
1

M
e
c
h
a
n
i
c
a
l

6
9

3
0
1

3
4
9

3
2
4

2
9
2

2
8
4

2
8
9

2
8
1

3
0
8

2
,
4
9
7

M
e
t
a
l
l
u
r
g
i
c
a
l
/
M
a
t
e
r
i
a
l
s

.
1
2

3
6

4
5

3
9

2
4

1
9

1
6

1
2

1
0

2
1
3

M
i
n
i
n
g

1
2
1

1
7

1
7

1
7

1
7

1
8

1
8

2
0

1
4
6

i
n
+

P
e
t
r
o
l
e
u
m

4
7

9
6

8
7

8
7

6
6
2

C
A

'
O
t
h
e
r
b

2
2

1
5
8

1
7
3

1
7
8

1
7
4

1
8
0

1
9
0

1
9
4

1
8
1

1
,
4
4
4

C
D

A
l
l
 
C
o
m
b
i
n
e
d

2
3
8

1
,
0
1
8

1
,
1
9
6

1
,
0
9
1

9
4
5

9
0
0

9
1
1

8
7
1

8
8
2

8
,
0
5
2

1-
4

a
B
a
s
e
d
 
u
p
o
n
 
T
a
b
l
e
s
 
4
8
-
5
7
.

b
E
n
t
r
i
e
s
 
m
o
d
i
f
i
e
d

t
o
 
r
e
f
l
e
c
t
 
t
h
e
 
d
i
f
f
e
r
e
n
c
e
 
b
e
t
w
e
e
n
 
t
h
e
 
"
a
l
l
-
c
o
m
b
i
n
e
d
"

e
n
t
r
y
 
a
n
d
 
t
h
e
 
t
o
t
a
l
 
o
f
 
t
h
e
 
u
n
m
e
t

n
e
e
d
 
f
i
g
u
r
e
s
 
i
n
 
t
h
e
 
c
o
l
u
m
n
 
r
a
t
h
e
r

t
h
a
n
 
t
h
e
 
u
n
m
e
t
 
n
e
e
d

e
n
t
r
i
e
s
 
o
f
 
T
a
b
l
e
 
5
8
.



Table 61

A Summary of the Total Unmet Need Findings of Tables
37 Through 60 for Pennsylvania from 1975 to 1983

Engineering
Specialty

Nonenergy Crisis
Unmet Need

Energy Crisis

Unmet Need
Percentage

Increase

Astro-Aeronautical 313 319 1.9
Chemical 219 499 127.9
Civil 134 420 213.4
Electrical-Electronic 545 2,091 283.7"
Industrial 272 361 32.7
Mechanical 661 2,497 277.8
Metallurgical-Materials 130 213 63.8
Mining 4 62 3,550.0
Petroleum 39 62 59.0
Other 38(500)a 1,216(1,444)a 3,100.0(188.8)

All Combined 2,817 8,052 185.8

aA corrected figure to account for the discrepancy between the total of the
separate specialties and the independently arrived at "all Combined" figure
has been placed in the parentheses .(see Tables 59 and 60).



Table 62

Projected Change in Age Groupings That Are Primary
Sources of Students for Each Level of Educationa /

Educational
Level

Age

Range
Year 1970-90

% Change1970 1975 1980 1985 1990

Preschool 0-4 926,187 825,471 719,170 664,470 622,990 -32.74
Kindergarten 5 216,551 181,390 161,665 140,847 130,134 -39.91
Elementary 6-11 1,333,626 1,157,609 3,008,559 885,933. 801,546 -39,.90
Junior High 12-14 701,132 648,075 542,848 483,818 421,515 -39.88
High School 15-17 645,258 699,538 646,600 541,612 482,720 -25.19
College 18-21 771,141 894,198' 894,873 739,782 680,913 -11.70
Graduate School 22-29 1,169,053 1,388,736 1,594,021 1,660,664 3,572,015 +34.47
Adult Education 30-64 4,758,834 4,822,095 4,980,775 5,196,308 5,476,293 +15.08
(In-service)

65

Adult Education over 1,272,126 1,453,578 1,624,360 1,804,413 1,889,936 +48.57

aDeveloped from projections by John Senier of the Bureau of Information Systems, Pennsylvania
Department of Education assuming a rectangular distribution within each five- or 10-year
block is assumed in Senier's table.

,

Table 63

Projected College Age Percentage Growth for Various Base Yearsa

Base Projection Year
Year 1975 . 1980 1985 1990

% %

1970 15.96 16.05 - 4.07 -11.70
1975 0.08 -11.68 -23.85
1980 -17.33 -23.91
1985 - 7.96

a
Based upon the figures in Table 62.
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Another helpfufactor may be the possible 1980s surplus of scientists
and of Ph.d.'s in both science and engineering now projected by the Federal
Bureau of Labor Statistics. 28,46,68 Students who normally would have opted for
the biological and physical sciences may instead find engineering an attractive
alternative.

One can but hope that the current trend toward lower mathematical
aptitude as measured by the Scholastic Aptitude Tests (SAT)53 will slow or
reVerse itself and that the findings of the National Assessment Studies indi-
cating a lowering of achievement in basic math41 and science knowledge43 do
not reflect a long-term, negative trend that could affect engineering enroll-
ments.

There can be no doubt that those students who are recruited, and pos-
ess the requisite aptitudes, will have to be taught, using the most effective tech-
niques the schools can devise to reduce the attrition that normally occurred
in the past between the freshman and senior years., In the face of rising
demand and lower enrollments engineering cannot affort to be known as the
curriculum from which students typically transfer.

LIMITATIONS OF THIS STUDY

Aside from the obvious limitations imposed by the necessity of approx-
imating the migration variable (both in- and out-migration) and by the assumptions
that had to be made about the distribution of the B.S. degree specialties in the
future, there are several other limitations that should be kept in mind.

1. The methodology used by the Bureau of Labor Statistics to forecast
presupposes relatively normal economic and technological growth,
much like that of the past decade (1960-1970)".

2. The energy crisis corrections introduced here represent only one
possible scenario. The scenario used here is the one foreseen by
the National Planning Association. It also assumes a one-to-one
relationship between the national change pattern and the Penn-
sylvania pattern, i.e., Pennsylvania is assumed to be a microcosm
of the nation, well impacted by the energy crisis. For example,
the members of the Pennsylvania Association of Engineering Colleges
have expressed the opinion that the demand for civil engineers due
to energy related construction will exceed that shown here.

3. The estimates of the number of degree- holding engineers in Penn-
sylvania may not approximate national patterns.

'4. Demand for engineers in a given year is met, in part, by those
with newly received masters and doctoral degrees, but to an
undetermined degree. The assumption has been made in this
study that most, if not all, graduate studentsln engineering
are already in the labor market and that the recipient of a
baccalaureate will, in any case, enter the labor market very
shortly after graduation.
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5. If a lack of degree-level engineers persists, the technology
degree recipient (less-than-four-years

associate degree) will
fill the need, which means that employers will downgrade their
requirements. However, no effort was made here to assess the
growth of this type of engineering-related employment, since
the intent of this study is to assess the need for college
graduates in engineering. Undoubtedly, the student with
marginal aptitude could fill expanded openings in the engi-
neering technology curriculum and could also fill, with some
degree of competence, shortage induced employer needs either
directly (title of engineer) or as part of an engineering team
headed by a senior, degree-holding engineer.

6. Thege findings may be a systematic underestimate of the need
since it was not possible to estimate the demand due to oc-
cupational migration, e.g., possibly 5 per cent of all engi-
neers leave engineering as such and become administrators, etc.,
and are no longer labeled as engineers. The rate for different
types of engineerg is not known and the 5 per cent figure is a
tentative one reported to the author by federal researchers in
this area.
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